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HE increasing desire on the part of the public to become 
more thoroughly acquainted with Comte’s Philosophy is 
shown by the fact of two editions having been sold since his 
death, while not one edition was exhausted during his lifetime. 
The great extent of the work has been, and will always be, a 
serious obstacle to its general acceptance; but this obstacle is 
removed by the condensation of the six volumes into two, which 
Miss Martineau has effected in the work we now re-issue. It 
is not for us to speak of the execution of this work; but we 
may fitly mention, that it was so highly approved by the author 
himself, that, in his annual issue of his catalogue of works 
sanctioned by him, he substituted Miss Martineau's version 
for the original. In consequence of this her version has been, 
since his déath, *etranslated into French for the sake of its 


diffusion among the author's own countrymen.* 
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Ir may appear strange that, in these days, when the French lan- 
guage is almost as familiar to English readers as their own, I should 
have spent many months in rendering into English a work which 
presents no difficulties of language, and which is undoubtedly 
known to all philosophical students. Seldom as Comte’s name is 
mentioned in England, there is no doubt in the minds of students 
of his great work that most or all of those who have added sub- 
stantially to our knowledge for many years past are fully acquainted 
with it, and are under obligations to it which they would have 
thankfully acknowledged, but for the fear of offending the prejudices 
of the society in which they live. . Whichever way we look over the 
whole field sf science, we see the truths and ideas presented by 
Comte cropping out from the surface, and? tacitly recognized as 
the foundation of aM that is systematic in our knowledge, This 
being the case, t may appear to be a needless labour to render into 
our cwn tongue what is clearly existing in so many of the minds 
which are gyiding and forming popular, views. But it was not 
without reason that I undertook so serious a labour, while so much 
work: was waiting to be done which might seem to be more urgent. 
One reason, thengh not the chief, was that it seems to me unfair,- 
through fear or indglence, to use the benefits conferred on us by M. 
Cofate without acknowledgment. His fame is no doubt safe. 
Such a work as this is sure of receiving due honour, sooner or later. 
Before th end of the century, society at large will have become 
aware that this work is one of thé chief hanours of the century, and 
that its author's name wiil rank with those of the worthies who 
have, illustrated former ages: but it does not seem to me right to 
assist in delaying the recognition till the author of so noble a 
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service is beyond the reach of our gratitude and honour : and that 
it is demoralizing to ourselves to accept and use such a boon as he 
has given us in a silence which is in fact ingratitude. is honours 
we cannot shere: they are his own and incommunicable. His 
trials we may share, and, by sharing, lighten; ana he has the 
strongest claim upon us for sympathy and fellowsh*p in any popular 
disrepute which, in this case, as in all cases of signal social service, 
attends upon a first movement. Such sympachy and fellowship 
will, I trust, be awakened and extended in pronortion to the spread 
among us of a popular knowledge of what M. Comte has done: and 
this hope was one reason, though, as I have said, not the chief, for 
my undertaking to reproduce his work in England in a form as 
popular as its nature admits. 

‘A stronger reason was that M. Comte’s work, in its original form, 
does no justice to its importance, even in France ; and much less ' 
in England. It is in the form of lectures, the delivery of which: 
was spread over a long course of years ; and this extension of time 
necessitated an amount of recapitulation véry injurious to its interest 
and philosophical aspect. M. Comte's style: is singular. It is at 
the same time rich and diffuse. Every sentence is full fraught 
with meaning; yet it is overloaded with words. His scrupulous 
honesty leads him to guard his enunciations with epithets so con- 
stantly repeated, that though, to his own mind, they gre necessary 
in each individual instance, they become ewearisofie, especially 
towards the end of his work, and lose their effect by constant 
repetition. This practice, which might be strength in a series of 
instructions spread over twenty years, becomes veakness when those 


instructions are presented as a whole? and it appeared to me worth | 
uo 


while to condense his work, if I undertook nothing more, in order 
to divest it of the disadvantages arising from redundancy alone. 
My belief is that thus, if nothing more were done, it might be ` 
brought befove the minds of many who would be deterred from 
the study of it by its bulk. What I have given in these “wo 
volumes occupies in the original six volumes averaging nearly 
eight hundred pages; and yet I believe it will be found that 
nothing essential to cithc statement or illustration is omitted. 

My strongest inducement to this enterprise was my deep conviction 
of our need of this book in my own country, in a form which renders 
it accessible to the largest number of intelligent readers. We are 
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f living in a remarkable time, when the conflict of opinions renders a ' 
firm foundation of knowledge indispensable, not only to our intel- 
} lectual, moral, and social, progress, but to our holding such ground 
ə aswe have gained from former ages. While our science is split up 
into arbitrary divisions ; while abstract and concrete science are 
confounded togétherand even mixedeup with their application to 

the arts, and with natural history; and while the researches of the 
scientific world are F presented as mere accretions to a heterogeneous 

f mass of*faets, therecan be no hope of a scientific progress which 
shall satisfy and benefit those Sarge classes of students whose business 
eit is, not to explore, but to receive. The growth of a scientific 
tasteamong the working classes of this country is one of the most 
strikirfg of the signs of the times. I believe no one can inquire 
into the mode of life of young men of the middle and operative 
classes without being struck with the desire that is shown, and the 
sacrifices that are made, to obtain the means of scientific study. 
i That such a disposition should be baffled, and such study rendered 
| almost ineffectual, by the desultory character of scientific exposition 
E . in England, while süch a work as Comte's was in existence, was 
not to be borne, if a year or two of humble toil could help, more or 

° Jess, to supply the need. : 

Tn close connection with this was another of my reasons. ‘The 
supreme dread of every one who cares for the godd of nation or 
race is duit men skould be adrift for want of an anchorage for 
their convictigns. “I believe that no one questions that a very large 
proportion ofoour people are now so adrift. With pain and ei 
we see that a multitude, who might and'shoüld be among the wisest 
and best of our citizens, are ‘alienated for ever from the iud of faith 
which sufficed for all in an organic period which has passed away, 
while no ene has presented to them, and they cannot obtain for 
themselves, any ground of conviction as firm and clear as that 

? which sufficed for*our fathersein their dày. The nioral dangers of 
NUN such a state of fluctuation as has thus arisen are fearful in the ex- 
treme,, whether the transition stage from one order of convictions 

to anotlier be long or short. The work of M. Comte is unquestion- 

ably-the greatest “single effort (hat has“ beeh made to obviate this 

- kind of danger; and my deep persuasion is that it will be found 
to@etrieve a vast amount of, wandering, of unsound speculation, of 

listless or reckless doubt, and of moral uncertainty and depression. 
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Whatever else may be thought of the work, it will not be denied 
that it ascertains with singular sagacity and soundness the founda- 
tions of human knowledge, and its true object and scope ; and that 
it establishes tlfe true filiation of the sciences within the boundaries 
of its own principle. Some may wish to inter poi ‘this or that; 
some to amplify, and perhaps, here and therein “he most obscure 
recesses of the great edifice, to transpose, more or less: but any 
who question the general soundness of the exposition, or of the 
relations of its parts, are of another school, and will sin: ply neglect 
the book, and occupy themselves as if if had never existed. It is not 
for such that I have been working, but for students who are not’ 
schoolmen; who need conviction, and must best know when ‘their 
need is satisfied. When this exposition of Positive Philosophy 
unfolds itself in order before their eyes, they will, I am persuaded, 
find there-at least a resting-place for their thought,—a rallying- 
point of their scattered speculations,—and possibly an immovable 
basis for their intellectual and moral convictions. ‘The time will 
come when the book itself will, for a while, be most discussed on 
account of the deficiencies which M. Comte himself presses on our 
notice; and when his philosophy will sustain amplifications of 
which he himself does riot dream. It must be so, in the inevitable 
growth of knowledge and evolution of philosophy ; and it is the 
fate which the philosopher himself should covet, sdecaysse it is only 
a true book that could survive to be so treatec : but, in the mean- 
time, it gives us the basis that we demand, and the principle of 
action that we want, and as much instruction in the procedure, and 
information as to what has been already achieved, a as could be given 
ir our time ;—perhaps niore than could have-been given by any 
other mind of our time. Even Mathematics is here first constituted 
a science, venerable and unquestionable as mathematical truths , 
have been for ages past : and we are led on, tracing as we go the 
clear gznealogy of the sciences, till we find ourselves among the 
nts of social science, as yet too crude and confused to be 


eleme 
established, like the others, by a reviow of what had befere been 
achieved; bat now, by the hand.of our master, discriminated, 


arranged, and consolidated, so as to be ready to fulfil the conditions 
of true science as future generations bring their contributions of 
knowledge and experience to build upon the foundation here Itid. 

A thorough familiarity with the pals in which all this is done 
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would avail more to extinguish the anarchy of popular and sectional 
opinion in this country than any other influence that has yet been 
exerted, or, I believe, proposed. 5 i 
Tt was under such convictions,as these that I begaa, in the spring 
of 1851, the analysis ofthis work, in preparation for a translation. 
A few months afterwards, an tnexpected aid presented itself. My 
purpose was related to the late Mr Lombe, who was then residing 
at Florence. He was a perfect stranger tome. He told me, in a 
subsequént detter, that he had wished, for many years, to do what 
I was then attempting, and Mad been prevented ‘only by ill health. 
*My estimate ef M. Comte’s work, and my expectations from its 
introduction into England in the form of a condensed translation, 
were fully shared by him ; and, to my utter amazement, he sent 
me, as the first act of our correspondence, an order on his bankers 
for £500. There was time, before his lamented death, for me to 
communicate to him my views as to the disposal of this money, and 
to obtain the assurance of liis approbation. We planned that the 
larger proportion of it should be expended in getting out the work, 
and promoting its circulation. "Phe last words of his last letter 
were an entreaty that I would let him know if more money would, 
in any way, improve the quality of my version, or aid the promulga- 
tion of the book. It was a matter of deep concern to me that he 
died before J could obtain his opinion as to the manner in which I 
was doing my work.¢ All that remained was to carry out his wishes 
asfar as possible ;°and to do this, no pains have been spared by 
myself, or byoMr Chapman, who gave him the information that 
called forth his bounty. à 9 9 
As to the?method I have pursued witli my work,—there will he 
different opinions about it, of course. Some will wish that there 
had been no omissions, while others would have complained of 
length and heaviness, if I had offered a complete translation. 
Spme will ask why it is nota close version as far as it goes ; and 
others, I have reason to believe, would have preferred a brief 
out of mysown mind, of what Comte's philosophy is, 
llustrations of, my own devising. A-wider expec- 
“tation seems to be that I should recordiny own dissent, and that of 
some critics of much more weight, from certain of M. Comte's views. 
I tought long and anxiously of this ; and I was not insensible to 
the temptation of entering my protest, here and there, against a 


account, 
accompanied by i 
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statement, a conclusion, or a method of treatment. I should have 
been better satisfied still to have adduced some critical opinions of 
much higher value than any of mine can be. But my deliberate 
conclusion was*that this was not the place nor the occasion for any 
such controversy. What I engaged to do was to present M.Comte’s 
first great work in a useful form for English studj : and it appears 
to me that it would be presumptuous to thrust in my own criticisms, 
and out of place to insert those of others. Those others can speak 
for themselves, and the readers of the book carr criticize it for them- 
selves. No doubt, they may be trustéd not to mistake my silence 
for assent, nor to charge me with neglect of such criticism as the 
work has already evoked in this country. While I have omitted 
some pages of the Author's comments on French affairs, I have not 
attempted to alter his French view of European politics. In short, 
I have endeavoured to bring M. Comte and his English readers face 
to face, with as little drawback as possible from intervention. 

This by no means implies that the translation is a close one. It 
is a very free translation. Jt is more a condensation than an 
abridgment: but it is an abridgment too. My object was to convey 
the meaning of the original in the clearest way I could; and to this 
all other considerations were made to yield. The serious view that 
I have taken of my enterprise is proved by the amount of labour 
and of pecuniary sacrifice that I have devoted to my task. Where 
I have erred, it is from want of ability; for = have taken all the 
pains I could. e 

One suggestion that I made to Mr Lombe, and that he approved, 
was that the three sections—Mathematics, Astronomy, and Physics 
_-should be revised by & qualified man of science. My personal 
friend Professor Nichol, of Glasgow, was kind enough to undertake 
this service. After two careful readings, he suggested nothing 
ynaterial in the way of alteration, in the case of the first two 
sections, except the omission of Comte's speculation on the possible 
mathematical verification of Laplace’s Cosmogony. But more had 
to be done with regard to the treatment of Physics. Every reader 
will see that-that section is the weakest part of the book, in regard 
both to the organization and the details of the subject. In regard 
to the first, the author explains the fact, from the nature of the 
case,--that Physics is rather a repository of somewhat fragnt.n- 
tary portions of physical science, the correlation of which is not yet 
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clear, than a single circumscribed science. And we must say for 
him, in regard to the other kind of imperfection, that such advances 
have been made in almost every department of, Physics since his 
second volume was published, that it would be unfair to present 
what he wrote under that head in 1835 as what he would have to 
say now, ‘The cioice lay therefore between almost rewriting this 
portion of M. Comte's work, or so largely abridging it that only a 
skeleton. presentment of general principles should remain. But as 
the system oê Positive Philosophy is much less an Expository than 
a Critical work, the latter altétnative alone seemed open, under due 
&onsideration of justice to the Author. I have adopted therefore 
the plan of extensive omissions, and have retained the few short 
memoranda in which Professor Nichol suggested these, as notes. 
Although this gentleman has sanctioned my presentment of Comte's 
chapters on Mathematics and Physics, it must not be inferred that 
he agrees with his Method in Mental Philosophy, or assents to 
other conclusions held of main importance by the disciples of the 
Positive Philosophy. ‘The contrary, indeed, is so apparent in the 
tenor of his own writings, that so far as his numerous readers are 
concerned, this remark need not have been offered. With the 
reservation I have made, I am bound to take the entire responsi- 
bility,—the Work being absolutely and wholly my own. 

Tt will be Qbserwed that M. Comte's later works are not referred 
io in any part of this book. Tt appears to me that they, like our 
English criticisms on the present Work, had better be treated of 
separately. Here his analytical genius has fall scope ; and what 
there is of synthesis is, in régard to sočial science, merely what is 
necessary to nder his analysis possible and available. For various 
reasons, I think, it best to stop here, feeling assured that if this 
"Work fulfils its function, all else with which M. Comte has thought 
fit to follow it up will be obtained as it is demanded. 

During the wholé course of my long task, it has appeared to me 
that Comte's work is the strongest embodied rebuke ever given to 
that form,of theological intolerance which censures eq Philos- 
ophy for pride of reason and loyness of morals. d Theimputation 
will rot be dropped, and the enmity of he religious world to the 
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book Will not slacken for its appeasing among us in-an English 
vise. The theological world connot 


versn., It cannot be otherv $ i l 
but hate a book which treats of: theological belief as a transient 
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state of the human mind. And again, the preachers and teachers, 
of all sects and schools, who keep to the ancient practice, once 
inevitable, of contemplating and judging of the universe from the 
point of view of their own minds?instead of having learned to take 
their stand out of themselvgs, inyestigating from thes universe 
inwards, and not from within outwards, must necessarily think ill 
of a wórk which exposes the futility of their method, and the worth- 
lessness of the results to which it leads. As M. Comte treats of 
theology and metaphysics as destined to pass Away, théologians and 
metaphysicians must necessarily abhor, dread, and despise his work, 
They merely express their own natural feelings 6n behalf of thé 
objects of their reverence and the purpose of their lives, when they 
charge Positive Philosophy with irreverence, lack of aspiration, 
hardness, deficiency of grace and beauty, and so on. They are no 
judges of the case. Those who are—those who have passed through 
theology and metaphysics, and, finding what they are now worth, 
have risen above them—will pronounce a very different judgment 
on the contents of this book, though no appeal for such a judement 
is made in it, and this kind of discussion is nowhere expressly pro- 
vided for. T'o those who have learned the difficult task of postpon- 
ing dreams to realities till the beauty of reality is seen in its full 
disclosure, while that of dreams melts into darkness, the moral 
charm of this work will be as impressive as it® intellectual satis- 
factions. The aspect in which it presents "Man is as favourable 
to his moral discipline, as it is fresh and stimulating to his 
intellectual taste. We find ourselves suddenly, living and mov- 
ing in the midst of thé universe,—as a part of it, and. not as its 
aim and object. We fiñd ourselves living, not under capricious and 
arbitrary conditions, unconnected with the constitetion and move- 
ments of the whole, but under great, general, invariable laws, which 
“operate on us as a part of the whole. Certainly, I can conceive of 
no instruction so favourable to aspiration as that which shows» us 
how great are our faculties, how small our knowledge, how sublime 
the heights which we may hope to attain, and how paste, an 
infinity may be assumed o spreadsout beyond. We find here indi- 
cations in passing of thé evils we suffer from our low airiis, our 
selfish passions, and our protid ignorance ; and in contrast with 
tlet, animating displays of the beauty and glory of the everlisting 
law8, and of tlie sweet serenity,°lofty courage, and noble resig- 
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nation that are the natural consequence of pursuits so pure, and 
aims so true, as those of Positive Philosophy. Pride of intel- 
lect surely abides with these who insist on belief without evidence 


„and on a phijosophy derived frem their own inteilectual action, 


without material and corroboration, from without, and not with 
those who are ido scrupulous and stoo humble to transcend 
evidence, and to add, out of their own imaginations, to that which 
is, and may be, referred to other judgments. If it be desired 
to extinguish presuription, to draw away from low aims, to fill 
life with worthy occupations find elevating pleasures, and to raise 
human hope and human effort to the highest attainable point, it 
seemseto me that the best resource is the pursuit of Positive Phi- 
losophy, with its train of noble truths and irresistible inducements. 


‘The prospects it opens are boundless ; for among the laws it estab- 


lishes that of human progress is conspicuous. The virtues it 
fosters are all those of which Man is capable; and the noblest are 
those which are more eminently fostered. The habit of truth-seek- 
ing and truth-speaking, and of true dealing with self and with all 
things, is evidently a primary requisite ; and this habit once per- 
fected, the natural conscience, thus disciplined, will train up all 
other moral attributes to some equality with it. To all who know 
what the study of philosophy really is,—which means the study of 
Positive Philpsopls,—its effect on human aspiration and human 
discipline is so plain. that any doubt can. be explained only on the 
supposition thas accusers do not know what it is that they are call- 
ing.in question? My hope is that this book may achieve, besides 


the purposes entertained by its Author, the:one more that he did 


not intend, of conveying a sufficient rebuke to those who, in theo: 
selfishness or metaphysical pride, speak evil of a philosophy 
which is toc lofty and too simple, too humble and too generous, for 
the habit of their minds. The case is clear. The law of progress 
ag work throughout human history. Tho only 
field of progress is now that of Positive Philosophy, under whatever 
name it may be known to the real students of every sect; and 
therefore nust that philosophy be favourable to those virtues whose 
repression would be incompatible with progress. 


logical 


is conspicuously 
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CHAPTER I. 
ACCOUNT OF THE AIM OF THIS WORK —VIEW OF THE NATURE AND 
IMPORTANCE OF THE POSITIVE PHILOSOPHY. 


: 

A axxERAL statement.of any system of philosophy may be either a 
sketch of a doctrine to be established, or a summary of a doctrine 
already establislied.- If greater value belongs to the last, the first ` 
is sti) important; as characterizing from its origin the subject to be 
treated. In a case like the present, where the proposed study is 
wast and hitherto indeterminate, it is especially important that the 
field of research should be marked out with all possible accuracy. 
For this purpose, I will glance at the considerations which have 
originated this work, and which will be fully elaborated in the 
course of it. 3 E 7 

Tp order to understand the érue value and character of the 
Positive Philosophy, we must take a brief general view 0 the 
progressive course of the human mind, regarded as a whole ; for 
no conception can be understood otherwise thar? through its history. 

_From the study of the developnient of haman intelligence, in all 
direetións, and through all times, the discovery arises «Law of human 
of a great fundamental law, to which it is necessarily P759. 
subject, and which has a solid foundation of proof, both in the facts 
of our organization and in our historical experience, ‘The law is 
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knowledge,—passes successively througlt-three ifferent. theoretical 
conditions : the Theological, or fictilia: fhe Metaphysical, or 
abstract; and the Scientific, or positeve. In tO d. the 
human mind, by its nature, employs in its progress three methods y^ 
of philosophizing, the character of which is essentially different, f 
and even radically opposed, *iz., the theolagicas fhethod, the meta- ` 
physical, and the positive. Hence arise three philosophies, or 
general systems of conceptions on the aggaegate of phenomena, 
each of which excludes the others. The first is the necessary point 
of departure of. the human understandings and tke fhird is its 
fixed and definitive state. ‘The second is mercy a state of transi- 
tion. ei 
In the theological state, the human mind, seélting the asenti” 
A nature of beings, the first and final causes (tfe origin ` 
and purpose) of all effects, —in short, Absolute know- 
ledge,—supposes all phenomena to be produced by the immediate, 
action of supernatural beings. 
In the ERE state, d is only a modification of the 
Hh first, the mind supposes, instead of su ernatural ' 
RISE TES beings, abstract teen veritable AES (that is, 
personified abstractions) inherent in all beings, and capable: OT 
producing all phenomena. What is called the explanation of + - 
phenomena is, in this stage, a mere reference of each to its proper 
entity. 
In the final, the positive state, the mind has given over the vain e 
f search after Absolute notions, the origin and destina- 
Third stage. E E = 
, tion of the universe, and the csusps*of phenomena, e 
and applies itself to the study of their laws,—ethat is, their invariable 
relations of succession and resemblance. Reasoning and observa- 
tion, duly combined, are the means of this loyledge. What is 
now understood when,we speak of an explan:fiion of facts is ftmply ; 
ihe establishment of a connection between single phenomena and 
e some general facts, tle number of which continually diminishes 
with the progress of science. A ! 
he Theological system arrived at the highest perfegtion of which 
Ultimate point it is capable when it substituted the providential 
of each. e action of a single Being for the varied operations of 
the fiumerous divinities which hat been before imagined. ie the 
same way, in the last stage of the Metaphysical system, men sub- . 
stitute one great entity (Nature) as the eause of all phenomena, 
instead of the multitude of entities at first supposed. the same’ 
way, again, the ultimatë perfectién of the Positive system would be 
(if such perfection could be hoped for) to represent all phenomena 
as particular aspects of a single general fact ;—such as Gravitation X 
{OT instan@e. e E j 
"Phe importance of the working of this general law will be estab- 
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ihis :—that each of our leading eit branch of our 
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lished hereafter. At present, it must suffice to point out some of 
the grounds of it. 

There is no science which, having attained the positive stage, 
does not bear marks of having passed through the — -zvidences 
others. Some time since it was (whatever it might? — «fete. 
be) composed, as we can now perceive, of metaphysical abstrac- 
tions; and, furthé: back in the course of time, it took its form from 
theological conceptions. We shall have only too ' 
much occasion to see, as we proceed, that our most 
advanced sciences still bear very evident marks of the two earlier 
periods thfough whichethey have passed. 

The progress of “the individyal mind is not only an illustration, 
but an indirect eyidence of that of the general mind. The point of 
departure of the individual and of the race being the same, the 
phases Of the mind of a man correspond to the epochs of the mind 
of the race. Now, each of us is aware, if he looks back upon his 
own history, that he was a theologian in his childhood, a meta- 
physician in his youth, and a natural philosopher in his manhood. 
All men who are up to their age can verify this for themselves. 

Besides the observation of facts, we have theoretical reasons in 
support of this law. : 

The most important of these reasons arises from the necessity 
that always exists for some theory to which to refer iy sonetic 

. P . B ng heoretical. 

our facts, combined with the clear impossibility 

that, at the outset of human knowledge, men could have formed 
theories out of the observation of facts. All good intellects have 
repeated, since Bacon’s time, that there can be no real knowledge 
but that whielb is based on observed facts. ‘This is incontestable, 
jn our present advanced stage ; but, if we look back to the primi- 
tive stage of human knowledge, we shall see that it must-have been 
otherwise. then... If it is true that every theory must be based 
upoi observed facts, it is equally true that facts cannot be observed 
without the guidance of some theory. Without sueh guidance, our 
facts would be desultory and fruitless; we “could not retain them : 
for the most parf. we could not even perceive them. 

Thus, between the necessity of observing facts in order to form a 
theory, and having a theory in order to observe facts, the human 
mind would have been entangled in a vicious circle, but for the 
natural opening afforded: by Theological conceptions. This is the 
fundamental reason for the theological character of the primitive 
philosophy. This necessity is confirmed by the perfect suitability 
of the thedingical philosophy to the earliest rescarches of the human 
mind. - It is remarkable that? tlie most, inaccessible questions, — 
those of the nature of beings, and the origin and purpose of phe- 
nomena,—should be the first to occur in a primitive state, while 
those which are really within our reach are regarded. as almzsu 
unworthy of serious study. ‘The reason is evident enough :—that 
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experience alone can teach us the measure of our powers ; and if 
men had not begun by an exaggerated estimate of what they can 
do, they would never have done all that they are capable of. Our 
organization requires this. At such a period there could have been 
no reception of a positive philosophy, whose function is to discover 
the laws of phenomena, and whose leading characteristic it is to 
regard as interdicted to h&man reason those, 4ublime mysteries 
which theology explains, even to their minutest details, with the most 
attractive facility. It is just so under a practical view of the nature 
of the researches with which men first occupied themselves. . Such 
inquiries offered the powerful charm of unlimited empire over the 
external world,—a world destined wholly for otir use, and involved 
in every way with our existence. he theological philosophy, < 
presenting this view, administered exactly the stimulus necessary 
to incite the human mind to the irksome labour without ‘which it 
could make no progress. We can now scarcely conceive of such a 
state of things, our reason having become sufficiently mature to 
enter upon laborious scientific researches, without needing any such 
stimulus as wrought upon the imaginations of astrologers and 
alchemists. We have motive enough in the hope of discovering 
the laws of phenomena, with a view to the confirmation or rejection 
of a theory. But it could not be so in the earliest days; and it is 
to the chimeras of astrology and alchemy that we owe the long 
series of observations and experiments on which our positive science 
is based. Kepler felt this on behalf of astronomy, and Berthollet on 
behalf of chemistry. Thus was a spontaneous philosophy, the theo- - 
logical, the only possible beginning, method, and provisional system, 
out of which the Positive philosophy coulde grow”. It is ensy, . 
after this, to perceive how Metaphysical anethods and doctrines 
must have afforded the means of transition from the one to the 
other. f » : ; 
The human understanjling, slow in its advance, could not Siep at 
once from the theological into the positive philosgphy. The two 
are so radically opposet, that an intermediate system of conceptions 
has been necessary to render the transition possille. It is only in 
doing this, that Metaphysical conceptions have any utjlity whatever. 
In contemplating phenomena, men substitute for supernatural direc- 
tion a corresponding entity. This entity may have been supposed 
to Ve derived from the supernatural action ? but it is more easily 
lost sight of, leaving attention free for the facts themselves, till, at¢ 
length, metaphysical agents have ceased to, be anything more than 
the abstréct names of phenomena. It is not easy today by what. 
other process thanothi$ our mints could have passed from super- ` 
natural considerations to natural; from the theological system “to 
the positive. o Spouses k 
S ey gf human development being thus established, let us 
r what is the proper nature of the Positive Philosophy. 
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As we have seen, the first characteristic of the Positive Philos- 
ophy is that it regards all phenomena as subjected Character of 
to invariable natural Laws. Our business is,—seeing the Positive 
how vain is any research info what are called Causes, ; "Philosophy: 
whether. first or- final, —to pursue an accurate discovery of these 
Laws, witha view,to reducing them to the smallest possible number, 
By speculating upón causes, we couldesolve no difficulty about 
origin and purpose. Our real business is to analyse accurately the 
circumstances of pherfomena, and to connect them by the natural 
relations Qf succession and resemblance, ‘Lhe best illustration of 
this is in the case of thé doctrine of Gravitation. We say that the 


general phenomena of the universe are explained by it, because it 


connects under ore head the whole immense variety of astronomical 


facts; exhibiting the constant tendency of atoms towards each 
other in direct proportion to their masses, and in inverse proportion 
to the squares of their distances ; whilst the general fact itself is a 
mere extension of one which is perfectly familiar to us, and which 
we therefore say that we know ;—the weight of bodies on the sur- 
face of the earth. As to what weight and attraction are, we have 
nothing to do with that, for it is not a matter of knowledge at all. 
Theologians and metaphysicians may imagine and refine about such 
questions; but positive philosophy rejects them. When any 
attempt has been made to explain them, it has ended only in saying 
that attraction is universal weight, and that weight is terrestrial 
attraction: that is, that the two orders of phenomena are identical; 
which is the point from which the question set out. Again, M. 
Fourier, in his fine series of researches on Heat, has given us all the 
most important" and precise laws of the phenomena of heat, and 
many large and new trûths, without once inquiring into its nature, 
as his predecessors had done when they disputed about calorific 
matter and the action of an universal ether. In treating his sub- 
ject in the Positive method, he finds inexhawstible material for all his 
activity of research, without betaxing himself to insoluble questions. 

Before ascertaining the stage which the Positive Philosophy has 
reached, we must bear in mind that the different kinds  gistory of the 
of our knowledge have passed through the three Positive Phi- 
stages ‘of progress at different rates, and have not losophy. 
therefore arrived at the same time, ‘The rate of advaace depends 
on {lf nature of the knowledge in question, so distinctly that, as we 
‘shall see hereafter, this consideration constitutes an accessary to the 
fundamental, law of progfess. Any kind of knowledge reaches the 
positive stage early in proportion to its generality, simplicity, and 
independence of other departments. Astfononiical science, which 
neral, simple, and indepen- 
dent of other sciences, arrived first ; then terrestrial Physics ; then . 
Chemistry ; and, at length, Physiology. as 

It is difficult to assign any précise date to this revolution in 
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science. It may be said, like everything else, to have been always 
going on; and especially since the labours of Aristotle and the 
school of Alexandria; and then from the introduction of natural 
science into the West of Europe by the Arabs. But, if we must fix 
upon some marked period, to serve as a rallying point, it must be 
that,—about two centuries ago, —when the human mind was astir 
under the precepts of Bacoa, the conceptions of” Descartes, and the 
discoveries of Galileo. Then it was that the spirit of the Positive 
philosophy rose up in opposition to that of*the superstitious and 
scholastic systems which had hitherto obscured the true character ` 
of all science. Since that date, the progress “of {he Positive philos- 
ophy, and the decline of the other two, have been so marked that 
no rational mind now doubts that the revolutions destined to go. 
on to its completion,—every branch of knowledge being, sooner or 
later, brought within the operation of Positive philosophy. This is 
not yet the case. Some are still lying outside: and not till they 
are brought in will the Positive philosophy possess that character of 
universality which is necessary to its definitive constitution. 

In mentioning just now the four principal categories of phenomena, 
—astronomical, physical, chemical, and physiological,—there was 
an omission which will have been noticed. Nothing 


New department > ^ E 
of Positive « was said of Social phenomena. Though involved 
EAS HU with the physiological, Social phenomena demand a 


distinct classification, both on account of their importance and of 
their difficulty. They are the most individual, the most complicated, 
the most dependent on all others; and therefore they must be the 
latest,—even if tey had no special obstacle to encounter. ‘This 
branch of science has not hitherto entered into tIfe domain of Positive 
philosophy. Theological and metaphysical’ methods, exploded in 
other departments, are as yet exclusively applied, both. iu the way 
of inquiry and discussion, in all treatment of Sociel subjects, though 
the best minds are heartily weary of eternal disputes about divine 
. right and the sovereignty of the péople. This is the great, while it 
is evidently the only gap which has to be filled, to constitute, solid . 
and entire, the Positive Philosophy. Now thatethe human mind 
has grasped celestial and terrestrial physics, —mechanical and 
chemical; organic physics, both vegetable and animal,—there 
remains one?science, to fill up the,series of sciences of observation,— 
Social physics. This is what men have now most need of ? and 
this it is the principal aim of the present work to establish. * 
It would be absurd to pretend fò offer^this new science at once 
> > in a complete state. Others, less new, are in very 
Social Physics v" edual conditions of forwardness. But the same 
character of positivity, which, is impressed on all the others will be , 
-shown to belong to this, ‘Chis once done, the philosophical system 
ill be in fact complete, as there will then be no 


of the modems W1 $ 
phenomenon which does not náturally enter into some one of the 
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five great categories. All our fundamental conceptions having 
become homogeneous, the Positive state will be fully established. 
Tt can never again change its character, though it will be for ever 
in course of development by additions of new knowledge, Having 


„acquired the character of universality which has hitherto been the 


only advantage resting with thé two preceding systems, it will 
supersede^them &y its natural superiority, and leave to them only 
an historical existence. ^ 4 

We have stated the special aim of this work. Its secondary and 
general aim is this :—to review what has been effected Secondary aim 
in the Sciences, in order to show that they are not of this work. 
radically separate; but all branches from the same trunk. If we 
had confined ourselves to the first and special object of the work, we 


~should have produced merely a study of Social physies: whereas, in 


introducing the second and general, we offer a study of Positive 
philosophy, passing in review all the positive sciences already 
formed. : 

The purpose of this work is not to give an account of the Natural 
Sciences. Besides that it would be endless, and that — 7, review the 
jt would require a scientific preparation such as no philosophy of 
one man possesses, it would be apart from our object, ^e Selences. 
which is to go through a course of not Positive Science, but 
Positive Philosophy. We have only to consider each fundamental 
science in its relation to the whole positive system, and to the spirit 
which characterizes it; that is, with regard to its methods and its 
chief results. 

The two aims, though distinct, are inseparable ; for, on the one 
hand, there ogn be no positive philosophy witlibut, a basis of social 
science, withoué which it could not be all-comprehensive ; and, on 
the other hand, we could not pursue Social science without having 
leen. prepared “by the study of phenomena less complicated than 
thoe2 of society, and furnished with a knowledge of laws and anterior 
facts which have a bearing upon social science. Though the funda- 


- mental sciences are nof all equally interesting to ordinary minds 


there is no one of them that can be neglected in an inquiry like the 
present; and, in the eye of philosophy, all are of equal value to 
human welfare. Even those which appear the least interesting have 
their own value, either on account of the perfection of their methods, 
or as being the necessary basis cf all the others. 5 : ( 

est it should be supposed that our course will lead us into a 
wilderness of such special studies as are at present ^ s 

" ve B M * pecu tty. 

the bane af a true positive philosophy, we will briefly . 
advert to the existing prevalence of such special pursuit. An the 
primitive state of human knowledge there is no regular. division ‘of 
intellectual labour. Every student caltivates all the sciences. As 
knowledge accrues, the sciences part off; and students devote therm- 
selves each to some one branch, It is owing to ‘this division of 
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employment, and concentration of whole minds upon a single 
department, that science has made so prodigious an advance in 
modern times; and the perfection of this division is one of the 
most important characteristics of the Positive philosophy. But, 
while admitting ail the merits of this change, we cannot be blind 
to the eminent disadvantages which arise from the limitation of ' 
minds to a particular studys It is inevitable thet each*should be 
possessed with exclusive nótions, and be therefore incapable of the 
general superiority of ancient students, who, actually owed that 
general superiority to the inferiority of their knowledge. We must 
consider whether the evil can be avoided without losing tke good of 
the modern arrangement ; for the evi] is becomire urgent. We all 
acknowledge that the divisions established for the convenience of 
scientific pursuit are radically artificial; and yet thére are very few 
who can embrace in idea the whole of any one science: each science 
moreover being itself only a part of a great whole. Almost every 
one is busy about his own particular section, without much 
thought about its relation to the general system of positive know- 
ledge. We must not be blind to the evil, nor slow in seeking a 
remedy. We must not forget that this is the weak side of the 
positive philosophy, by which it may yet be attacked, with some 
hope of success, by the adherents of the theological arid metaphysi- 
cal systems. As to the remedy, it certainly does not lie in a return 
to the ancient confusion of pursuits, which would be mere 
retrogression, if it were possible, which it is not. It lies in 
perfecting the division of employments itself,—in carrying it one 
degree higher,—in constituting one more speciality from the study 
of scientific E Let us have a new clase of students, 
tuc TG suitably prepared, whose busingss it^shall be to take 
class of stu- the respective sciences as they are, determine the 
dents. spirit of each, ascertain their relatións and mutual 
connection, and reduce their respective prinoiples?to the sm:dlesf 
number of general priticiples, in conformity with the fundamental 
xules of the Positive Method. At the same time, let Other students 
be prepared for their special pursuit by an education which recog- 
nizes the whole scope of positive science, so as to profit by the 
labours of the students of generalities, and so as to correct 
` reciprocally, under that guidance, the results obtained by each. We 


2 


see some approach already to this &rrangemenf." Once established, , 


* 


"there would be nothing to apprehend from any extent of division ~ 


of employments. When we once haze a class of learned men, at 
the disposal -of all others, whose business it shall be to co:nect each 
new discovery with the general system, we may dismiss all fear of 
ilre «reat whole being lost sight of in the pursuit of the detgiis of 
knowledge. The organization’ of scientific research will then Ye 
ccmplete: ; and it will benceforth have occasion only to extend 


its development, and not to change its character. After all the 
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formation of such a new class as is proposed would be merely an 
extension of the principle which has created all the classes we have. 
While science was narrow, there was only one class: as it expanded, 
more were instituted. With a further advance a fresh need arises, 
and this new class will be the result. i 
The general spirit of a, course of Positive Philosophy having been 
thus set forth, we must, now glance aff he chief ad- jgn 
* x 3 Advantages of 
vantages which may be derived, on behalf of human the Positive 
progression, from the study of it. Of these advan- Philosophy. 
tages, four may be especially pointed out. 4 
T. "The stugy of the*Positive Philosophy affords the only rational 
means of exhibiting the logical laws of the human pyyeyat 
: . : s es the 
mind, which have hitherto been sought by unfit | Intelectual 
“Tnethods, To explain what is meant by this, we may Junction. 
refer tô a saying of M. de Blainville, in his work on Comparative 
Anatomy, that every active, and especially every living being, may 
be regarded under two relations—the Statieal and the Dynamical ; 
that is, under conditions or in action. It is clear that all considera- 
tions range themselves under the one or the other of these heads. 
Let us apply this classification to the intellectual functions. i 
Ti wé regard these functions under their Statical aspect —that is, 
if we consider the conditions under wliich they exist—we must de- 
termine the organic circumstances of the case, which inquiry involves 
it with anatomy and physiology. If we look at the Dynamic aspect, 
we have to study simply the exercise and results of the intellectual 
powers of the human race, which is neither more nor less than the 
general object of the Positive Philosophy. In short, looking at all 
scientific theottes, as so many great logical facts, it is only by the 
thorough observation ef these facts that we can arrive at the know- 
ledge of logical laws. These being the only means of knowledge of 
intellectual phenomena, the illusory psychology, which is the last 
phas@ of theology, is@xcluded. It pretends to accomplish the dis- 
covery of the laws of the humar mind by contemplating it in itself; 
that is, by separating it from causes and effécts. Such an attempt, 
made in defiance of the physiological study of our intellectual organs, 
and of the observation of rational methods of procedure, cannot 
succeed at this time of day. [ 
The Positivo Philosophy, which has been rising since the time 
of Bacon, has now Secured sucht a preponderance, that the meta- 
a physicians themselves profess to ground their pretended science on an 
observation of facts... ‘They talk of external and internal facts, and 
say that, th& business is with the latter. ‘This is much like saying 
that vision is explained by luminous objects painting their images 
upon the retina. To this the physiologists reply that another eye 


would be needed to see the image. In the same manner, the mind 
Tt may be srid that^a 


- may observe all phenomena but its own. à 
the seat of the reason 


man’s intellect may observe his passions, 
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being somewhat apart from that of the emotions in the brain; but 
there can be nothing like scientific observation of the passions, except 
from without, as the stir of the emotions disturbsthe observing faculties 
more or less. It ig yet more out of the*question to make an intel- 
lectual observation of intellectual processes. The observing and 
observed organ are here the same, and its action canngt be pure 
and natural. In order to gUkerve, your intellech fhust pause from 
activity ; yet it is this very activity that you want to observe. If 
you cannot effect the pause, you cannot observe: if you do effect it, 
there is nothing to observe. ‘The results of such a method are in 
proportion to its absurdity. After two thousand years of.psychological 
pursuit, no one proposition is established to thé satisfaction of its ' 
followers, They are divided, to this day, into a multitude of schools, < 
still disputing about the very elements of their doctrine. 'Bhis in 
terior observation gives birth to almost as many theories as tlfere are 
observers. We ask in vain for any one discovery, great or small, 
which has been made under this method. The psychologists have 
done some good in keeping up the activity of our understandings, 
when there was no better work for our faculties to do; and they 
may have added something to our stock of knowledge. If they 
have done so, it is by practising the Positive method—by observing 
the progress of the human 1ñind in the light of science ; that is, by. 
ceasing, for the moment, to be psychologists. 

The view just given in relation to logical Science becomes yet 
more striking when we consider the logical Art. 

The Positive Method can be judged.of only in action. It cannot > 
be looked at by itself, apart from the work on which it is employed. 

‘At all events, such a contemplation would be*only a dead study, o 
which could produce nothing in the mind which loses time. upon it. 
We may talk for ever about the method, and state it in terms very 
wisely, without knowing half so much about it ‘us the man who has 
once put it in practice, upon a single particniar of actual rest&rch, 
even without any philosophical inteation. Thus it is that psychol- 
ogists, by dint of reading the precepts of Bacon and the discourses 

of Descartes, have mistaken their own dreams for science. * 

Without saying whether it will ever be possible to establish @ 
priori a true method of investigation, independent of a philosophical 
study of the sciences, it is clear that the thing has never been done 

vet, and that we are not capable of doing it now. We cannot ag 
yet explain the great logical procedures apart from their application, « 
Tf we ever, do, it will remain as necessary then as now to form good 
intellectual habits by studying the regular application of the scientific 
methods which we shall kave attained. n n 

This, then, 18 the first great result of the Positive Philosophy. 
the manifestation by experiment of the laws which rule the Intel- 

igation of truth ; and, as a consequence, the know- 


ct i -investi y C 
e d general rules suitable for that object. 
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| I. The second effect of the Positive Philosophy, an effect not 
| Jess important and far more urgently wanted, will be Aust regenerate 
: | to regenerate Education. Education. 
The best minds are agreed that our European education, still 
essentially theological, metaphysical, and literary, must be super- 
seded by-a Positive training, conformable to our time and needs. 
Even the governments of our day Taye shared, where they have, 
not originated, the attempts to establish positive instruction ; and 
| this is a striking iadication of the prevalent sense of what is 
| wanted. , While encouraging such endeavours to the utmost, we 
| must not hoevever, coficeal from ourselves that everything yet done. 
| .. is inadequate to the: object. è The present exclusive speciality of 
.-our pursuits, aad the consequent isolation of the sciences, spoil our 
(i teachipg. If any student desires to form an idea of natural philos- 
l ophy as a whole, he is compelled to go through each department 
| as it is now taught, as if he were to be only an astronomer, 
} or only a chemist; so that, be his intellect what it may, his 
training must remain very imperfect. And yet his object requires 
1 dhat he should obtain general positive conceptions of all the 
| classes of natural phenomena. It is such an aggregate of con- 
ceptions, whether on a great or on a small scale, which must hence- 
forth be the permanent basis of áll'human combinations. 1t will 
| constitute the mind of future generations, In order to this regen- 


eration of our intellectual system, it is necessary that the sciences, 


- considered as branches from one trunk, should yield us, as a whole, 
The speci- 


^ 
their chief methods and their most important results. 
alities of science can be pursued by those whose vocation lies in that 
^ direction. ‘Theyre indispensable ; and they are not likely to be 
neglected ; but they'can never of themselves renovate our system 
of Education ;,and, to be of their full use, they must rest upon ihe 
basis of that general instruction which is a direct result of the 
Positive Philosophy. s 
TIL. The same special study of scientific generalities must also 
nid the progress of the respective positive SCIENCES: Advances 
und this constitutes our third head of advantages. sciences by 
The divisions which we establish between the combining them. 
séiences are, though not arbitrary, essentially artificial. The sub- 
ject of our researches is one: we divide it for our .convenience, m 
4 . füer to deal the more easily with its difficulties. But it sometimes 
happens—and especially with the most important doctrines of each 
sciencethat we necd what we cannot obtain under the present 
isolation of the sciences,—2 combination of several special points of 
- vie; and for want of this, very important problems wait for their 
solution much longer than they otherwise need do. To go back 
into the past for an example: Descartes’ grand conception with 
regard to analytical geometry is a discovery which. bar changed the 
whole aspect of mathematical science, and yielded the germ of all 
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future progress; and it issued from the union of two sciences which 
had always before been separately regarded and pursued. ‘The case 
of pending questions is yet more impressive ; as, for instance, in 
Chemistry, the doctrine-of Definite Proportions. Without enterine 
upon the discussion of the fundamental principle of this theory, we 
may say with assurance that, in order to determine it—in order to 
determine whether it is a law ôf nature that atomsatfould necessarily 
combine in fixed numbers,—it will be indispensable that the chemical 
point of view should be united with the physiological. The failure 
of the theory with regard to organic bodies indicates that the cause 
of this immense exception must be investigated and such ai inquiry 
belongs as much to physiology as to ghemistry. ‘Again, it is as yet 
undecided whether azote is a simple or a compound,body. It was 
concluded by almost all chemists that azote is a simple body.; the 
illustrious Berzelius hesitated, on purely chemical considerations ; 
but he was also influenced by the physiological observation that 
animals which receive no azote in their food have as much of it in 
their tissues as carnivorous animals. From this we see how physi- 
ology must unite with chemistry to inform us whether azote is 
simple or compound, and to institute a new series of researches upon 
the relation between the composition of living bodies and their mode 
of alimentation. . i 
Such is the advantage which, in the third place, we shall owe to 
Positive philogophy—the elucidation of the respective sciences by 
their combination. In the fourth place 
IV. The Positive Philosophy offers the only solid basis for that 
Must reorgan- Social Reorganization which must succeed the 
ize society. critical condition in which the most givflized nations 
are now living. o 
It cannot be necessary to prove to anybody who reads this worl 
that Ideas govern the world, or throw it into chads ; 1n other words, 
that all social mechanisp yests upon Opinions. ° The great polifiéal 
and moral crisis that societies are new undergoing ig shown by a 
figid analysis to arise ouf? of intellectual anarchy. While stability 
in fundamental maxims is the first condition of genujne social order, 
we are suffering under an utter disagreement which, may be called 
universal. ‘ill a certain number of general ideas can be acknow- 
ledged as a rallying-point of social doctrine, the nations will remain 
in a revolutionary state, whatever palliatives may be devised; and 
their institutions can be only provisional. But whenever the 
necessary agreement gn first principlestcan be obtained, appropriate 
institutions Will issue from them, without shock or resistance ; for 
the causes of disorder will have betn arrested by the mere fact of 
the agreement. It is in this direction that those must lool Who’ 
desire a natural and regular, a normal state of society. 
“Now, thesexisting disorder is abundantly accounted for by the 
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theological, the metaphysical, and the positive. Any one of these 
might alone secure some sort of social order ; but while the three 
co-exist, it is impossible for us to understand one another upon any 
essential point whatever. «If this is true, we haye only to ascertain 
which of the philosophies must,.in the nature of things, prevail ; 
and, this ascertained, every man, whatever may have been his former 
views, cannot Des concur in its tfipmph. The problem once 
recognized cannot remain long unsolved; for all considerations 
whatever point to the Positive Philosophy as the one destined to 
prevail. It alone has-been advancing during a course of centuries, 
throughotwt which tlre others have been declining. The fact is 
incontestable. Some may deplore it, but none can destroy it, nor 
therefore neglect it but under penalty of being betrayed by illusory 
“speculations. This general revolution of the human mind is nearly 
accomplished. We have only to complete the Positive Philosophy 
by bringing Social phenomena within its comprehension, and after- 
wards consolidating the whole into one body of homogeneous 
doctrine. The marked preference which almost all minds, from 
the highest to the commonest, accord to positive knowledge over 
vague and mystical conceptions, is a pledge of what the reception 
of this philosophy will be when it has acquired the only quality that 
if now wants—a character of due generality. When it has become 
complete, its supremacy will take place spontaneously, and will 
re-establish order throughout society. There is, at present, no 
conflict but between the theological and the metaphysical philoso- . 
phies. They are contending for the task of reorganizing society ; 
but it is a work too mighty for either of them. The positive 
philosophy hab hitherto intervened only to examine both, and both 
are abundantly discredited by the process. It is time now to be 
doing something more effective, without wasting our forces in needless 
controversy. Tt, is ‘time to complete the vast intellectual operation 
begin by Bacon, Descartes, and Galileo, by constructing the system 
of general ideas which must henceforth prevail among the human 
^race. This is the way to put an end to-the revolutionary crisis 
which is tormenting the civilized nations of the world. 
Leaving these four points of advantage, we must attend to one 
precautionary reflection. 
Because it is proposed to consolidate the whole of. our acquired 
knewledge into one body of homogeneous doctrine, it — y, pope of re- 
^ must not be supposed that we are going to study this duction to a 
vast variety as proceeding fiom a single principle, CED 
„and as subjected to a single law. There is something so chimerical 
in attempts at universal explanation by. single law, that it may 
be aS well to secure this Work at once from any imputation of the 
kind, though its development will show how undeserved such an 
imputation would be. Our intellectual resources are ‘oo narrow, 
and the universe is too complex, to leave any hope that it will ever 
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be within our power to carry scientific perfection to its last degree 
of simplicity. Moreover, it appears as if the value of such an 
attainment, supposing it possible, were greatly overrated, The only 
way, for instance, jn which we could aehieve the bnsiness, would 
be by connecting all natural phenomena with the most general law 
we know,—which is that of Gravitation, by which astronomical 
phenomena are already confiected with a, porsiéh of terrestrial 
physies. Laplace has indicated that chemical phenomena may be 
regarded as simple atomic effects of the Newtonian attraction, 
modified by the form and mutual position of the atoms. But 
supposing this view proveable (which it cannot be while we are 
without data about the constitution ef bodies), the difficulty of its 
application would doubtless be found so great that we must still 
maintain the existing division between astronomy and chemistry,” 
with the difference that we now regard as natural that division 
which we should then call artificial. Laplace himself presented 
his idea only as a philosophic device, incapable of exercising any 
useful influence over the progress of chemical science. Moreover, 
supposing this insuperable difficulty overcome, we should be no 
nearer to scientific unity, since we then should still have to connect 
the whole of physiological phenomena with the same law, which 
certainly would not be the deast difficult part of the enterprise. 
Yet, all things considered, the hypothesis we have glanced at would 
be the most favourable to the desired unity. » 

The consideration of all phenomena as referable to a single origin 
is by no means necessary to the systematic formation of science, 
any more than to the realization of the great and happy consequences 
that we anticipate from the positive philosophy „Je only neces- 
sary unity is that of Method, which is already in great part estab- 
lished. As for the doctrine, it need not be one ; it is enough that 
it should be Aomogeneous. It is, then, under the double aspect of 
unity of method and Jiomogeneousness of déetrine that we shall 
consider the different classes of positive theories in this work. 
“While pursuing the phflosophical aim of all science, the lessening 
of the number of general laws requisite for the explanation of natu- 
ral phenomena, we shall regard as presumptuous every, attempt, in 
all future time, to reduce them rigorously to one. 

Having thas endeavoured to determine the spirit and influence 
of the Positive Philosophy, and to ‘mark the goal of our labours, we 
have now to proceed to the exposition of the system ; that is, to 
the determination of the universal, er encyclopedic order, which 
must regulate the different classes of natural phenomerd, and con- 
sequently the corresponding positive sciences. 
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Ix proceéding to offer a Classification of the Sciences, we must 
leave on one side al others thet have as yet been attempted. Such 
„Scales as those.of Bacon and D'Alembert are con-  Faiture of pro- 
structed upon an arbitrary division of the faculties of posed classifi- 
the mihd ; whereas, our principal faculties are often °““#2ns 
engaged at the same time in any scientific pursuit. As for other 
classifications, they have failed, through one fault or another, to 
command assent: so that there are almost as many schemes as 
there are individuals to propose them. ‘The failure has been so 
conspicuous, that the best minds feel a prejudice against this kind 
of enterprise, in any shape. J 

Now, what is the reason of this ?—HFor one reason, the distribution 
of the sciences, having become a somewhat discredited task, has of 
Jate been undertaken chiefly by persons who have no sound knowledge 
of any science at all. A more important and less personal reasons 
however, is the want of homogeneousness in the different parts of the 

intellectual system,—some having successively become positive, while 
others remainWhgological or metaphysical. Among such incoherent 
materials, classification is of course impossible. Every attempt at a 
distribution has failed from this cause, without the distributor being 
able to see why ;—without his discovering that a. radical contrariety 
existed between the materials he was endeavouring to combine. 
rhe fact was elear enough, if iô had but been understood, that the 
"enterprise was premature ; and that it was useless to undertake 
it Aill our principal scientific conceptions should all have become 
positive. ‘Ihe preceding chapter seems to show that this in- 
dispensable condition may now be considered fulfilled: and thus 
the time has arrived for laying down a sound and durable system of 
sciantific order. 

We may derive encouragement from the example set by recent 
botanists and zoologists, whost philosophical labours have exhibited 
the trug pfinciple of classification ; viz., that the classification must 
proceed from the study of the things to be classified, and must by no 
means be determined by @priori considerations. ‘The real affinities 
and natural connections presented by objects being allowed to deter- 
mine their order, the classification itself becomes dhe expression 
of the most general fact. And thus does the positive method apply 
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to the question of classification itself, as well as to the objects in- 
Truegrinciple — cluded under it. It follows that the mutual depend- 
af classification. ` ence of the sciences,—a dependence resulting from 
that of the corresponding phenomena,—must determine the arrange- 
ment of the system of human knowledge. Before proceeding to 
investigate this mutual dependence, we have only to AE 
real bounds of the classificatton proposed : jn other words, to settle 
what we mean by human knowledge, as the subject of this work 
The field of human labour is either speculation or action : ed 
EURO QELS uC GU: accustomed to divide our knowledge 
of our geld. — into the theoretical and the practical. It is itta 
that, in this inquiry, we have to do auly with the theoretical “We 
are not going to treat of all human notions whatever, but of those 
fundamental conceptions of the different orders of phenomena which 
furnish a solid basis to all combinations, and are not fountled on 
any antecedent intellectual system. In such a study, speculation is 
our material, and not the application of it,—except where the appli- 
cation may happen to throw back light on its speculative origin. 
his is probably what Bacon meant by that First, Philosophy. E REL 
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lias been so differently and so strangely interpreted by his meta- 
physical commentators. ' ! jn 
here can be no doubt that Man's study of nature must furnish 
the only basis of his action upon nature; for it is only by knowing : 
the laws of phenomena, and thus being able to foresee them, that we 
can, in active life, set them to modify one another for our advantage. 
Our direct natural power over everything bout uae agate 
weak, and altogether disproportioned to our negds. 4 Whenever we 
effect anything great itis through a knowledge of natural laws, by 
which we can set one agent to work upon another,—even very sd 
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- organization, that if we could not satisfy it by positive conceptions, 
we must inevitably return to those theological and metaphysical 
explanations which had their origin in “this very fact of human 
nature.—lIt is this originak tendency which acts as a preservative, 
in the minds of men of science, against the narrowness and incom- ` 
pleteness which the practical habits of out age are apt to produce. 
It is through thi§ that we are able to fhgintain just and noble ideas, 
of the importance and destination of the sciences; and if it were 
not thus, the human anderstanding would soon, as Condorcet has 
Observed, come to a stand, even as to the practical appligations for 
the sake of which higher things had been sacrificed ; for, if the arts 
flow from: science, tle neglect of science must destroy the consequent 
* arts. Some ofthe most important arts are derived from speculations 
pursued during long ages with a purely scientific intention. For , 
instanc, the ancient Greek geometers delighted themselves with — ' 
beautiful speculations on Conic Sections; those speculations wrought, 
after a long series of generations, the renovation of astronomy ; and . 
‘out of this has the art of navigation attained a perfection which it 
` never could have reached otherwise than through the speculative 
labours of Archimedes and Apollonius: so that, to use Condorcet’s 
p illustration, “the sailor who is preserved from shipwreck by the 
exact observation of the longitude, owes ‘his life to a theory conceived 
. two fhonsand years before by men of genius who had in view simply 
geometrical speculations.” j 
Our. business, -it is clear, is with theoretical researches, letting 
‘e alone their practical. application altogether. ‘Though we may con- _ 
ceive of a course of study which should unite the generalities of 
speculation and» application, the time is not come for it. "To say 
nothing-of its vast extent, it would require preliminary achievements 
which have not yet been attempted. We must first be in possession 
of appropriate Special conceptions, formed according to scientific 
theories; and. for theze we have yet to wait. , Meantime, an inter" 
mediate class is,rising up, whose @articular destination is to organize 
the relations of theory and practice; such asthe engineers, who do’ 
not Jabour in the,advancement of science, but who study it in its 
existing state, to apply it to practical purposes. Such classes are ; 
furnishing us with the elements of a future body of doctriné on , 
the theories of *the different arts. Already, Monge, in his view of 
- descriptive geometry, has given u$ a general theory of the arts of 
sonstruction, ©. But we have as yet only a few scattered instances: 
of this nature. The time will come when out-of such results, 
a department of Positive philosophy may arise: but it Will be in 
a distant future. .If we remember that séverel ‘sciences are im- 
plicated Jn every important art,—that, for instapice, a true theory 
of Agriculture requires 2 combination: of physiological, chemical, 
mechanical, and even’ astronomical and mathematical» science, * 
—it will be evident that* true theories of the arts must wait 
VOL..I. A B 
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for a large and equable development of these constituent 
sciences. - 

One more preliminary remark oceurs, before we finish the pre- 
scription of our limits, —the ascertainnient of our field of inquiry. 
We must distinguish between the two classes of 
Natural science ;—the abstract or general, which have 
for their object the discovery of the laws which cegulate phenomena 
in all conceivable cases: and the concrete, particular, 
or descriptive, which are soncetimes called Natural 
sciences in a restricted sense, whose function it is to apply these 
laws to the actual history of existing beings ‘The first'are funda- 
mental; and our business is with othem along as the second are 
derived, and however important, not rising intone rank of our 
subjects of contemplation. We shall treat of physiology, but not 
of botany and zoology, which are derived from it. We shill treat 
of chemistry, but not of mineralogy, which is secondary to it.—We 
may say of Concrete Physics, as these secondary sciences are called, 
the same thing that we said of theories of the arts,—that they 
require a preliminary knowledge of several sciences, and an advance 
of those sciences not yet achieved; so that, if there were no other 
reason, we must leave these secondary classes alone. At a future 
time Concrete Physics wil? have made progress, according to the 
development of Abstract Physics, and will afford a mass of less in- 
coherent materials than those which it now presents. At present, 
too few of the students of these secondary sciences appear to be even 
aware that a due acquaintance with the primary sciences is requisite’ 
to all successful prosecution of their own. 

We have now considered, Loar 

First, that science being composed of speculative knowledge and 
of practical knowledge, we have to deal only with the first ; and 

Second, that theoretical knowledge, or sciefice,properly so called, 
being divided into general and particular, of abstract and cóticrete 
science, we have again. to deal onlywith the first. o i 

Being thus in possession of our proper subject, duly prescribed, 
we may proceed to the ascertainment of the true order of the funda- 
mental sciences. n 

This classification of the sciences is not so easy a matter as if 

Difficulty of? may appear. However natural it may be, it will 
classification. always involve something, if not arbitrary, at, least 
artificial ; and in so far, it will always involve imperfection. If is 
yossible to fulfil, quite rigorousty, the; object of presenting tho 
their naturgl connection, and according to*their mutual 
do avoid the smallest danger of being inyolved in 

It is easy,to show why. 1 
Mi. " Every science may be exhibited under two methods 
ERU MESS procedures, the Historical and the Dogmatic. 
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other method can be nothing but some combination of these two. By 
the first method knowledge is presented in the same order in which 
ib was actually obtained by the human mind, together with the way 
in which it was obtained.» By the second, the system of ideas is 
presented as it might be conceived of at this day, by a mind which, 
duly prepared and placed at the right point of view, should begin 
to reconstitute the science as a whdie, A new science must be 
pursued historically, the only thing to be done being to study in 
chronological order the different works which have contributed to 
the progress of the science. But when such materials have become 
recast to" forp a genéral system, to meet the demand for a more 
natural logical order, it is begause the science is too far advanced 
for the histomenl order to be practicable or suitable. The more 
discoveries are made, the greater becomes the labour of the historical 
method of study, and the more effectual the dogmatic, because the 
new conceptions bring forward the earlier ones in a fresh light. 
hus, the education of an ancient geometer consisted simply in the 
study, in their due order, of the very small number of original 
treatises then existing on the different parts of geometry. The 
writings of Archimedes and Apollonius were, in fact, about all. On 
the contrary, a modern geometer commonly finishes his education 
without having read a single original work dating further back than 
the most recent discoveries, which cannot be known by any other 
means. Thus the Dogmatic Method is for ever superseding the 
Historical, as we advance to a higher position in science. If every 
mind had to pass through all the stages that every predecessor in 
the study had gone through, it is clear that, however easy it is to 
learn rather tlfàn invent, it would be impossible to effect the pur- 
pose of education,—t» place the student on the vantage-ground 
gained by the labours of all the men who have gone before. By 
the dogmatic nigthod this is done, even though the living student 
may have only an ofdinary intellect, and the dead may have been 
men of lofty genius. By the dogmatic method therefore must every 
advanced science be attained, with so mucli of the historical com- ^ 
bined with it as js rendered necessary by discoveries too recent to 
be studied elsewhere than in their own records. Whe only objection 
to the preference of the Dogmatic method is that it does not show 
how the science was attained ; but a moment’s reflection will show 
that, this is the case also with tlfe Historical method. To pursue 
aa science historically is quite a different thing from learning the 
history of its progress. „ "I'hisc last, pertains to the study of human 
history, astwe shall see when we reach the final division of this 
work. It is trme that a science Cannot be completely understood 
without, a knowledge of how it arose ; and again, a dogmatic know- 
ledge of any science is necessary to an ‘understanding of its history 3 
and therefore we shall notice, in treating of the fundamental 
sciences, the incidents of their origin, when distinct and illustra- 


18 : POSITIVE PHILOSOPHY, 


for a large and equable development of these constituent 
sciences. — , ? J 
One more preliminary remark occurs, before we finish the pre- 
scription of our làmits,—the ascertainntent of our field of inquiry. 
We must distinguish between the two classes of 
Natural science ;—the abstract or general, which have 
for their objéct the discovegy of the laws which eegulate phenomena. 
in all eonceivable cases: and the concrete, particular, 
or descriptive, which are soneetimes called Natural 
sciences in a restricted sense, whose function it is to apply these 
laws to the actual history of existing being’ The rst'are funda- 
mental; and our business: is withethem alone as the second are 
derived, and however important, not rising intoZhe rank of our 
subjects Of contemplation. We shall treat of physiology, but not 
of botany apd zoology, which are derived from it. We shill treat 
of chemistry, but not of mineralogy, which is secondary to it.—We 
may say of Cloncrete Physics, as these secondary sciences are called, 
the same thing that we said of theories of the arts,—that they 
require a preliminary knowledge of several sciences, and an advance 
of those sciences mot yet achieved; so that, if there were no other 
reason, we must leavé^these secondary classes alone. At a future 
time Concrete Physics wil? have made progress, according to the 
development of Abstract Physics, and will afford a mass of less in- 
coherent materials than those which it now presents. At, present: 
too few of the students of thse secondary sciences appear to be drén 
aware that a due acquaintange with the primary sciences is requjsite 
to all successful prosecution Qf their own. 
We have now considered, OMA 
First, that science being cjomposed of speculative know 
of practical knowledge, we håve to deal only with the first; and 
Second, that theoretical Jénowledge, or sciehices properly so called, 
being divided into general / and partieular, oP abstract and edficreto 
science, we have again to / eal only»with the first, í 
Being thus in possession of our proper subj 
we may proceed f the ascertainme 
mental sciences. P 
This classification of the sciences is not so easy a matter as if 
Daifieulty of? may appear. However natural it may be, if will 
classification. always involve something, if not arbitrary, ats least 
artificial ; and in so far, it will always involve imperfection, Th i 
impossible to fulfil, quite rigorously, the, object of present, x 
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other method can be nothing but some combination of these two. By 
the first method knowledge is presented in the same order in which 
it was actually obtained by the human mind, together with the way 
in which it was obtained. By the second, the system of ideas is 
presented as it might be conceived of at this day, by a mind which, 
duly prepared and placed at the right point of view, should begin 
to reconstitute the science as a whdie, A new science must be 
pursued historically, the only thing to be doue being to study in 
chronological order the different works which have contributed to 
the progress of the science. But when such materials have become 
recast to®foryn a general system, to meet the demand for a more 
natural logical order, it is begause the science is too far advanced 
for the historeal order to be practicable or suitable. The more 
discoveries are made, the greater becomes the labour of the historical 
method of study, and the more effectual the dogmatic, because the 
new conceptions bring forward the earlier ones in a fresh light. 
hus, the education of an ancient geometer consisted simply in the 
study, in their due order, of the very small number of original 
treatises then existing on the different parts of geometry. The 
writings of Archimedes and Apollonius were, in fact, about all. Ou 
the contrary, a modern geometer commonly finishes his education 
without having read a single original work dating further back than 
the most recent discoveries, which cannot be known by any other 
means. Thus the Dogmatic Method is for ever superseding the 
Historical, as we advance to a higher position in science. If every 
mind had to pass through all the stages that every predecessor in 
the study had gone through, it is clear that, however easy it is to 
learn rather tian iavent, it would be impossible to effect the pur- 
pose of education,—t» place the student on the vantage-ground 
gained by the labours of all the men who have gone before. By 
the dogmatic 1fethód this is done, even though the living student 
may have only an oftlinary intellect, and the dead may have been 
men of lofty genius. By the dogmatic method therefore must every 
advanced science be attained, with so much of the historical com- 
bined with it as is rendered necessary by discoveries too recent to 
he studied elsewhere than in their own records. The only objection 
to the preference of the Dogmatic method is that it does not show 
how the science was attained ; but a moment’s reflection will show 


that,this is the case also with tlie Historical method. "lo pursue 


a science historically is quite a different thing from learning the 
history of its progress. "lhiselast pertains to the study of human” 
history, as^we shall see when we reach the final division of this 
work. If is true that a science tannot be completely understood 
without a knowledge of how it arose ; and again, a dogmatic know- 
ledge of any science is necessary to an understanding of its history ; 
and therefore we shall notice, in treating of the fundamental 
sciences, the incidents of their origin, when distinct and illustra- 
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tive; and we shall use their history, in a scientific sense, in our 
treatment of Social Physics; but the historical study, important, 
even essential, as it is, remains entirely distinct from the proper 
dogmatic study of science. ‘These considerations in this place, tend 
to define more precisely the spigit of our course of inquiry, while 
they more exactly determine the conditions under which w 


e may 
hope to succeed in the copStruction of a txue cfle of the 


aggre- 


gate fundamental sciences. Great confusion would arise from any 
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‘ean result only from that of the corresponding 


attempt to adhere strietly to historical ordem in our exposition of 
the sciences, for they have not all advanced at the same rate; and 
we must be for ever borrowing from each some fach to* illustrate 
another, without regard to priority o£ origin. Thus, it is clear that, 
in the system of the sciences, astronomy must comeebefore physics, 
properly so called : and. yet, several branches of physics, above all, 
optics, are indispensable to the complete exposition of astrbnomy. 
Minor defects, if inevitable, cannot invalidate a classification which, 
on the whole, fulfils the principal conditions of the case. They 
belong to what is essentially artificial in our division of intellectual 

classification agrees with the 


labour. In the main, however, our 
history of science; the more general and simple sciences actually 
in human history, and being 


occurring first and advancing be 
and restricted, though all were, since 


followed by the more complex 
the earliest times, enlarging simultaneously. 

A simple mathematical illustration will precisely represent: the 
difficulty of the question we have to resolve, while if will sum up 
the preliminary considerations we have just concluded. 

We propose to classify the fundamental sciences. 
as we shall soon see. We cannot make thom, Tess; and most 
scientific men would reckon them as more.e Six objects admit of 
720 different dispositions, or, in popular language, changes. Thus 
we have to choose the one right order (and theyé can be but one 
vight) out of 720 possible ones, Very few ofthese ‘have ever been 
proposed; yet we might venture te say that there js probably not 
one in favour of which some plausible reason might not be assigned $ 
for we see the wildest divergences among the schemes which have 
been proposed,—the sciences which are placed by some at the head 
of the scale being sent by others to the further extremity. Our 
problem is, then, to find the one rational order, among a host of 
possible systems. ? 3 

Now we must remember that we have to look for the principles 
True principle Of classification in the comparison of the different, 
of classificatién. orders of phenomena, through which sciente discovers 
the laws which are hefcobject.° What we have to determine is 
the real dependence of scientific studies. Now, this dependence 

phenomena. All 
observable phenomena may be included within 


a very few natural 
categories, so arranged as that the study of each category may be 
1 0 


They are six, 


J 9 
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grounded en the principal laws of the preceding, and serve as the 
basis of the next ensuing. ‘This order is determined by the degree 
of simplicity, or, what comes to the same thing, of 


generality of their phenonsena. Hence results their pees 
successive dependence, and the, greater or lesser 
2 Dependence. 


facility for being studied, 
It is clear, G^peiorz that the mosé simple phenomena must be 
the most general; for whatever is observed in the greatest number 
of cases is of course the most disengaged from the incidents of 
particular cases. We must begin then with the study of the most 
general dr spnple phenomena, going on successively to the more 
particular or complex. Thisgmust be the most methodical way, 
for this order of generality or simplicity fixes the degree of facility 
in the study of phenomena, while it determines the necessary con- 
nectiofi of the sciences by the successive dependence of their pheno- 

- mena. It is worthy of remark in this place that the most general 
and simple phenomena are the furthest removed from Man’s ordi- 
nary sphere, and must thereby be studied in a calmer and more 
rationol frame of mind than those in which he is more nearly 
implicated ; and this constitutes a new ground for the correspond- 
ing sciences being developed more rapidly. 

We have now obtained our rule." Next we proceed to our 
classification. ` 

We are first struck by the clear division of all natural phenomena 
into two classes—of inorganic and of organic bodies. Fnorganic and 
The organized are evidently, in fact, more complex Organic phe- 
and less general than the inorganie, and depend upon fomes 
them, instead f, being depended on by them. Therefore it is that 
physiological study should begin with inorganic phenomena ; since 
ihe organic iuclude all the qualities belonging to them, with a 
special order ddded, viz, the vital phenomena, which belong to 
orgnization. We Inve not to investigate.the nature of either ; for 
the positive philosophy does wot inquire into natures. Whether 

‘their nature be supposed different or the same, it is evidently ^ 
necessary to separate the two studies of inorganic matter and of 
living bodies. Our classification will stand through any future 
decision as to the way in which living bodies are to be regarded ; 
for, on any supposition, the general laws of inorganic physics must 
be established before we can proceed with success to the examina- 

a tion of a dependent class of phenomena. yh 

Bach of these great halves ef natural philosophy has subdivisions. 
Inorganic qphysics must, in accordance with our rule 5 roncaxic. 
of generality and the order of dependence of pheno- i 
mena, be divided into two sections—of celestial and terrestri: 
phenomena. _ Thus we have Astronomy, geometrical 4 Astronomy. 
and mechanical, and "l'errestrial Physics. The nez ^ s 
cessity of this division is exactly the same as in the former case. 


awam V.S ABRAS: 
QU - Og 


[ TT 


22 POSITIVE PHILOSOPHY. 


Astronomical phenomena are the most general , simple, and 
abstract of all; and therefore the study of natural philosophy must 
clearly begin with them., They are themselves independent, while 
the laws to which fhey are subject influence all others whatsoever. 
he general effects of gravitation preponderate, in all terrestrial 
phenomena, over all effects which may be peculiar to them, and 
modify the original ones., "It follows thet tlre analysis of the 
simplest terrestrial phenomenon, not only chemical, but even purely 
mechanical, presents a greater complicationethan the most com- 
pound astronomical phenomenon. ‘he most difficult astronomical 
question involves less intricacy than the simple movement of even 
a solid body, when the determining -cireumstanées are to be com- 
puted, Thus we see that we must separate these tco studies, and 
proceed to the second only through the first, from which it is 
derived. i 

In the same manner, we find a natural division of Terrestrial 
Physics into two, according as we regard bodies in their mechanical 

or their chemical character, J Hence we have Physics, 

~~" properly so called, and Chemistry. Again, the second 
class must be studied through the first. Chemical phenomena are 
more complicated than mechanical, and depend upon 
them, without influencing them in return. Every 
one knows that all chemical action is first submitted to the influence 
of weight, heat, electricity, etc., and presents moreover something 
which modifies all these. ‘Thus, while it follows Physics, it presents 
itself as a distinct science. 

Such are the divisions of the sciences relating to inorganic matter, 
An analogous division arises inethe“other half of 
Natural Philosophy—the scienze of organized bodies, 
Here we find ourselves presented with two orders of phenomena ; 
those which relate to the individual, and those “which relate to the 
species, especially when it is gregarious. With regard to Mian, 
especially, this distinction is fundanrental. ‘The last erder of pheno- 
mena is evidently depéndent on the first, and is more complex: 

, Hence we have two great sections ip organic physics 
—Physiology, properly so called, and Social Physics, 
which is dependent on it. In all Social phenomena we perceive 

the working of the physiological laws of the indivi- 
dual ; and moreover something which modifies their 
effects, and which belongs to the influence of individuals over each 
other—singularly complicated in the vase of the human race by the 
influence of generations on their successors. ‘hus it i$ clear that 
our social science mast issue from that which relates to the life of 
the individual. On the other hand, there is no occasion to suppose, 
as some eminent physiologists have done, that Social Physics is 
only an appendage to physiology, The phenomena of the two are 
not identical, though they are homogeneous ; and it is of high 


3. Chemistry. 


II. ORGANIC. 


1, Physiology. 


2. Sociology. 
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importance to hold the two sciences separate. As social conditions 
modify the operation of physiological laws, Social Physics must 
have a set of observations of its own. 

. It would be easy to make the divisions of the Organic half of 
Science correspond with those of the Inorganic, ‘py dividing physi- 
ology into vegetable and animal, according to popular custom. But 
this distinction, “hewever important ifs Concrete Physics (in. that 
secondary and special class of studies before declared to be inappro- 
priate to this work),¢hardly extends into those Abstract Physics 
with which we have to do. Vegetables and animals come alike 
under om! notice, wher our object is to learn the general Jaws of life 
—that is, to study physiology. e To say nothing of the fact that the 
distinction grows ever fainter and more dubious with new discoveries, 
it bears no relation to our plan of research; and we shall therefore 
considér that there is ouly one division in the science of organized 
bodies. 

"hus we have before us Five fundamental Sciences in successive 
dependence,—Astronomy, Physics, Chemistry, Phy- Five Natural 
siology, and finally Social Physics. The first considers Sciences. 
ihe most general, simple, abstract, and remote phenomena known 
to us, and those which affect all others without being affected by 
them. The last considers the most particular, compound, concrete 
phenomena, and those which are the most interesting to Man. 
Between these two, the degrees of speciality, of complexity, and 
individuality, are in regular proportion to the place of the respective 
sciences in the scale exhibited. This—casting out everything 
arbitrary—we must regard as the true filiation of the pein filiation. 
sciences ; and ‘in, itewe find the plan of this work. , Ketan 

As we proceed, we shall find that the same principle which gives 
this order to the whole body of science arranges the Filiation of 
parts of each science ; and its soundness will there- their parts. 
for& be freshly attested as often as it presents itself afresh. There 
is, no refusing a principle which distributes the interior of each 
science after the same method with the sggregate sciences. But 
this is not the place in which to do more than indicate what we 
shall contemplate more closely hereafter, We must now rapidly 
review some of the leading properties of the hierarchy of science that 
has been disclosed. ` 

This gradation is in essential conformity with the order which 
has spontaneously taken place among the branches goproborations: 
of natural philosophy, when pursued separately, aud — 
without any purpose of establishing such order. Such at accor dance 
is a strong presumption that the arrangement 18 1y Thi um 


natural, Again, it coincides with the actual develop- ie order of 
ment of natural philosophy. If no jieading science Bileslne of 
sci . e 


can be effectually pursued otherwise than through. 
those which precede it in the scale, it is evident that no vast devel- 
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opment of any science could take place prior to the: Ses REA | 
mical discoveries to which we owe the impulse given to lis s 
The progression may FIDES have been SUI enggus ; but it has taken 
t i rder we have recognized. ý 
er nye di is so impartant that it is difficult to under- 
2. Solves hete- Stand without it the history of the human mind. 
vogeneousness. The general, faw which govarns éhis history, as we 
have already seen, cannot be verified, unless we combine it with the 
scientific gradation just laid down : for it is, aecording to this grada- 
tion that the different human theories have attained in succession 
the theological state, the metaphysical, ard finally, thé positive. 
If we do not bear in mind the law,which govérns progression, we | 
shall encounter insurmountable difficulties: for if 4a clear that the | 
theological or metaphysical state of some fundamental theories 
must have temporarily coincided with the positive state of others 


which precede them in our established gradation, and actually have | 
at times coincided with them ; and this must involve the law itself i 


in an obscurity which can be cleared up only by the classification 
we have proposed. 3 

Again, this classification marks, with precision, the relative per- | 

3. Marks rela. fection of the different sciences, which consists in the 3 

tive perfection degree of precision of knowledge, and in the relation !| 

tn sciences. of its different branches. It is easy to see that the Ji 
more general, simple, and abstract any phenomena are, the less they Í 
depend on others; and the more precise they are in themselves, and f 
the more clear in their relations with each other. Thus, organie « f 
phenomena are less exact and systematic than inorganic; and of these 
again terrestrial are less exact and systematic tharthose of 
This fact is completely accounted for by the gradation w 
down; and we shall see as we proceed, that the 
applying mathematical analysis to the study of 
exactly in proportion to. the rank which the 
the whole. e d 

There is one liability to be guarded against, which we may men- 
Defects are tion here. We must beware of confounding the | 
in us not degree of precision which v 

i 


astronomy, 
e have laid 
possibility ot 
phenomena is ) 

§ hold in the scafe of, | 


in us ve are able. to attain in 
Pene. regard to any Science, w 


7 ith the certainty of the science 
itself. The certainty of science, and our precision in the knowledge 
of if, are two very different things, which have been too often con- 


founded ; and are so still, though less than formerly. A very absurd. 
proposition may be, very precise; as éf we should 
that the süm of the angles of a triangle is equal toethree right 
angles; and a very certaia proposition may be wanting in precision j 
in our statement of it; as, for instance, when we assert that every : 

| 


say, for instance, 


man will die. If the different sciences offer to us a varying degree 
of precisien, it is from no want of certainty in themse 
our mastery of their phenomena. = 


Ives, but of 
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The most interesting property of our formula of gradation is ils 
effect on education, both general and scientific. This 4. Efect on 
is its direct and unquestionable result. It will be Eaucaori 
more and more evident as we proceed, that no science can be effect- 
ually pursued without the preparation of a competent knowledge of 
the anterior sciences on which it depends. Physical philosophers 
cannot understand*Physics without at'least a general knówledge of 
Astronomy ; nor Chemists, without Physics and Astronomy ; nor 
Physiologists, without Chemistry, Physics, and Astronomy; nor, 
above all, the students of Social philosophy, without a general 
knowledge of all the anterior sciences. As such conditions are, as 
yet, rarely fulfilled; and as ne organization exists for their fulfil- 
ment, there is amongst us, in fact, no rational scientific education. 
"jo this may be attributed, in great part, the imperfection of 
even the most important sciences at this day. If the fact is so in 
regard to scientific education, it is no less striking in regard to 
reneral education. Our intellectual system cannot be renovated 
{ill the natural sciences are studied in their proper order. Even 
the highest understandings are apt to associate their ideas accord- 
ing to the order in which they were received: and it is only an 
intellect here and there, in any age, which in its utmost vigour can, 
like Bacon, Descartes, and Leibnitz, make a clearance in their field 
of knowledge, so as to reconstruct from the foundation their system 


of ideas. 
Such is the oper 


ation of our great, law upon scientific education 
through its effect on Doctrine. We cannot appre- Efect on 
ciate ib duly without seeing how it affects Method. Method. 

As the pheflomena which are homogeneous have been classed 
under one science, wlile those which belong to other sciences are 
heterogeneous, it follows that the Positive Method must be con- 
stantly modified in án uniform manner in the range of ihe same 


and will undergo modifications, different and 


e H 
fundamental science? : y lergo 0 
more and mors compound, in péssing from one science to another. 


'l'hus, under the scale laid down, we shall^meet with it in all its 
varieties ; which could not happen if we were to adopt a scale which 
should not fulfil the conditions we have admitted. This is an all- 
important consideration ; for if, as we have already seen, we cannot 
understand the positive method in the abstract, but only by its 
application, it is clear that we can have no adequate conception of 
sit but by studying it in its varieties of application. No one science, 
however well chosen, gould exhibit it. Thongh the, Method is 
always the ‘same, its procedure 18 varied. , For instance, it should 
be Obgervation with regard to one kind of phenomena, and Experi- 
ment with regard to another; and different kinds of experiment, 
according to the case. In the same way, a generat precept, derived 
from one fundamental science, however applicable to another, must 
have its spirit preserved by a reference to its origin; as in the case 
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of the theory of Classifications. The best idea of the Positive 
Method would, of course, be obtained by the study of the most 
primitive and exalted of the sciences, if we were confined to one; 
but this isolated view would give no idea of its capacity of applica- 
tion to others in a modified form, ` Each science has its own proper 
advantages ; and without some knowledge of them all, no conception 
can be formed of the power 6f the Method. , ef 
One more consideration must be briefly adverted to. Tt is 
Orderly study necessary not only to have a general knowledge of all 
of sciences, the sciences, but to study them in their order. What 
can come of a study of complicated phenomena, if the student have 
notilearned, by the contemplation of the simpter, what a Law is, 
what it is to Observe; what a Positive conception is and even what 
a chain of reasoning is? Yet thisis the way our young physiologists 
proceed every day,—plunging into the study of living bodies, with- 
out any other preparation than a knowledge of a dead language 
or two, or at most a superficial acquaintance with Physics and 
Chemistry, acquired without any philosophical method, or reference 
to any true point of departure in Natural philosophy. In the same 
way, with regard to Social phenomena, which are yet more compli- 
cated, what can be effected but by the rectification of the intellectual 
instrument, through an adequate study of the range of anterior phe- 
nomena? There are many who admit this: but they do not see how 
10 set about the work, nor understand the Method itself for want of 
the preparatory study ; and thus, the admission remains barren, and 
social theories abide in the theological or metaphysical state, in spite. 
of the efforts of those who believe themselves positive reformers, 
These, then, are the four points of view undex which we have re- 
cognized the importance of a Rational and Bositive Classification. 
It cannot but have been observed that in our enumeration of the 
Mammaanes, Sciences there is a prodigious omission. We have 
` said nothing of Mathematicalesciénce. The cmis- 
sion was intentional; and the reasen is no other than the vast im- 
portance of mathematics. This science will be the first of which 
we shall treat. Meantime, in order not to omit from our sketch a 
department so prominent, we may indicate here the general results 
of the study we are about to enter upon. 
In the present state of our knowledge we must regard Mathe- 
: matics less as a constituent part of natural philosophy 
than as having been, since the time of Descartes and, 
Newton, the true basis of the whole of natural philosophy ; though 
it is, exactly speaking, both the one and the other, 
To us it is of less‘value for the knowledge of which 
it consists, substantial and valuable as that knowledge is, than as 


A department. 
A basis. 


An instrument, mind can employ in the investigation of the laws of 


Aatural phenomena. 


being the most powerful instrument that the human ^ 
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In due precision, Mathematics must, be divided into two great 
sciences, quite distinct from each other—Abstract A double 
Mathematics, or the Caleulus (taking the word in its science. 
most extended sense), and Conérete Mathematics, which is composed 
of General Geometry and of Rational Mechanics. ‘I'he Concrete 
part is necessarily founded on the Abstract, and it becomes in its 
turn the basis of allenatural philosophy ¥ all the phenomena. of the 
universe being regarded, as far as possible, as geometrical or 
mechanical. ^ 
: ‘The Abstract portion is the only one which is purely instrumental, 
it being simply an imménse extension of natural logic — j, 

" E B : hstract ma- 
to a certain order of deductions Geometry and me- thematics an 
chanics must, onthe contrary, be regarded as true instrument. 
natural Sciences, founded; like all others, on observation, though, 
by the extreme simplicity of their phenomena, they onerum 
can be systematized to much greater perfection. lt tematies a 
is this capacity which has caused the experimental se" 
character of their first principles to be too much lost sight of. But 
these two physical sciences have this peculiarity, that they are now, 
and will be more and more, employed rather as method than as 
doctrine. 

It needs scar 
the head of Po 


ly be pointed out that? in placing Mathematics at 
ive Philosophy, we are only extending the appli- 
cation of the principle which has governed our whole Classification. 
We are simply carrying back our principle to its first manifesta- 
tion Geometrical and Mechanical phenomena are the most general, 
the most simple, the most abstract of all, —the most irreducible to 
others, the mosf'independent of them ; serving, in fact, as à basis to 
all others. It follows ¢hat the study of them is an indispensable 

reliminary to that of all others. ‘Therefore must Mathematics 
hold the first plage ‘in the hierarchy of the sciences, and be the 
point of departure of ùll Education, whether general AESTATE 
or special. Insan empirical wey, this has hitherto pre-eminent 
been the custom,—a custom Siteniearose fiom the: + de suae 
great; antiquity of mathematical science. We now see why it must 
be renewed op a. rational foundation. i 

We have now considered, in the form of a philosophical problem, 
the rational plan of the study of the Positive Philosophy. ‘Lhe 
order that ‘results is this; an order which of all possible arrange- 
ments is the only one that accords with the natural manifestation 
of all phenomena. MATHEMATICS, ASTRONOMY, Prysics, CHEMISTRY, 
Puystonoay,*SociaL Puysics. » 
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CHAPTER I. . 
MATHEMATICS, ABSTRACT AND CONCRETE. 
We are now to enter upon the study of the first of the Six great 
Sciences : and we begin by establishing the importance of the Posi- 


tive Philosophy in perfecting the character of each science in itself. 
Though Mathematics is^the most ancient and the most perfect 


science of all, the general idea of it is far from being clearly deter- . 


mined. The definition of the science, and its chief divisions, have 
remained up to this time vague and uncertain, ‘Che plural form of 
the name (grammatically used as singular) indicates the want of unity 
in its philosophical character, as commonly conceived. In fact, it 
is only since the beginning of the last century hat“ could be con- 
ceived of as a whole ; and since that time geometers have been too 
much engaged on its different branches, and in applying it to the 
most important laws of the universe, to have much attention left 
Tor the general system ef the science. Now tiowever the pursüit of 
its specialities is no longer so engiossing as to exchude us from the 
study of Mathematics’ in its unity. It has now reached a degree 
of consistency which admits of the effort to reduce its parts into 
a System, in preparation for further advance. T'he latest achieve- 
ments of mathematicians have prepared the way for this by evidenc- 
ing a character of unity in its principal parts which was not before 
known to exist. Such is eminently the spirit of the great author 
of the "Theory of Functions and of Analytical Mechanics. ^ 

The common description of Mathematics, as the science of 

Description of Magnitydes, or somewhat more positively, the science 

mathematics. whish relates to the Measurement of Magnitudes, is 
too vague and unmeaning to have been used but for want of a 
better. Yet the idea contained in it is just at bottom, and is even 
sufficiently extensive, if properly understood; but it needs precision 
and depth. It is important in such matters not to depart unneces- 
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sarily from notions generally admitted; and we will therefore see 
how, from this point of view, we can rise to such a definition of 
Mathematies as will be adequate to the importante, extent, and 
difficulty of the science. + 
Our first idea of measuring a magnitude is siniply that of com- 
paring the magnitude in question with another sup- Object of 
posed to be known, which is taken for the unit of mathematics. 
comparison among all others of the same kind. Thus, when we 
define mathematics as being the measurement of magnitudes, we 
give a very imperfect idea of it, and one which seems to bear no 
relation, in this respeci, to any science whatever. We seem to 
speak only of a series of mechanjcal procedures, like a superposition 
of lines, for obtaining the comparison of magnitudes, instead of a 
. vast chain of reasonings, inexhaustible by the intellect. Neverthe- 
less, thi8 definition has no other fault than not being deep enough. 
It does not mistake the real aim of mathematics, but it presents as 
direct an object which is usually indirect; and thus it misleads us 
as to the nature of the science. To rectify this, we must attend to 
a general fact, which is easily established ; that the direct measure- 
ment of a magnitude is often an impossible operation ; so that if we 
had no other means of doing what we want, we must often forego 
the knowledge we desire. We can rarely even measure a right line 
. by another right line; and this is the simplest measurement of all. 
‘The very first condition of this is that we should be able to traverse 
the line from one end to the other; and this cannot be done with 
+ the greater number of the distances which interest us the most. 
We cannot do it with the heavenly bodies, nor with the earth and 
any heavenly bédy,mor even with many distances on the earth; 
and again, the length must be neither too great nor too small, 
and it must be conveniently situated; and a line which could 
be easily measuréd if it were horizontal becomes impracticable it” 
vertital. ‘There are sO few lines capable of being directly measured 
with precision, shat we are compelled to resort to artificial lines, 
created to admit of a direct determination, tind to be the point of 
reference for all oghers. Tf there is difficulty about the measure- 
ment of lines, the embarrassment is much greater when we have 
to deal with surfaces, volumes, velocities, times, forces, etc., and in 
general with all other magnitudes susceptible of estimate, and, by 
theirmature, difficult of direct meagurement. It is the general o 
af this difficulty, inherent in almost every case, which necessitates 
the formation of mathematical science ; for, finding direct mor 
ment so often impossible, we are compelled to devise means Oo 


doing it indirectly. Hence arose Mathematics.» —. 3 
The General CU employed, and the only conceivable one, is 
"to connect the magnitudes in question with some 
that can be directly determined, and thus to ascertain d = 
the former, through their relations with the latter. ‘Such is the 


` General 
method. 
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recise object of Mathematics regarded as a whole.. To form 
pe like a worthy idea of it, we must remember that the 
Aavectidciseatantion of magnitudes may have many S oe 
indirectness. It often happens that’ the magnitudes to which 
undetermined magnitudes are to be referred cannot themselves be 
1neasured directly, and must themselves de made the subject of a 
prior process, and so on through a whole seriés; and thus, the 
mind is often obliged to establish a long course of Intermediaries 
between the one and the other point of theeinquiry—points which 
may appear at the outset to have no connection whatever, 
If this appears too abstract, it may ecome plain’ by a few 
examples. In observing a filling body, we are 
' aware that two quantities are involved : the height 
‘from which the body falls, and the time occupied in its descent. 
These two quantities are connected, as they vary togetfier, and 
together remain fixed. In the language of mathematicians, they 
are functions of each other. lhe measurement of one being 
impracticable, it is supplied by that of the other. By observing the 
time occupied by a stone in falling down a precipice, we can 
ascertain the heielht of the precipice as accurately as if we could 
measure it with a horizontal line. In another case, we may be 
able to know the height whence a body has fallen, and unable to 
observe. the time with precision, and then we must have recourse 
to the inverse qnestion—to determine the time by the distance ; 
as, for instance, if we were to inquire how long it would take for a 
body to fall from the moon. 1n these cases, the question is very 
simple, supposing we do not complicate it with considerations of 
intensity of gravity, resistance of a fluid medium, etc. But, to 
enlarge the question, we must contemplate the phenomenon in its 
greatest generality by supposing the fall to be oblique, and taking 
into account all the principal circumstances, “hen, instead of two 
variable quantities, simply connected, the phenomenon will pfesent 
à considerable number,—the space traversed, whether in a vertical 
or horizontal direction ; the time employed in traversing it: the 
velocity of the body at each point of its course; and even the 
intensity and direction of the impulse which sent it forth ; and 
finally, in some cases, the resistance of the medium, and the 
intensity of gravity. All these quantities are so connected that 
each in its turn may be determined indirectly by means of the 
others, and thus we shall have as many mathematical inquiries az 
there are. magnitudes coexisting ia the -phenomenon considered 
Such a very simple change as this in the physical conditions of 
a problem may place a mathematical question, originally quite 
elementary, in the rank of those difficult questions whose com- 
plete and rigorous solution transcends the power of the human 
understanding. E 


Examples. 


Again—we may take a geometrical example We want to. 
« 


e respective masses, thei 
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determine a distance not directly measurable. We shall conceive 
of it as making a part of some figure, or system of lines of some 
sort, of which the other parts are. directly measurable ; let us say a 
triangle (for this is the simplest, and to it all others are reducible). 
‘The distance in question is suppose, to form a portion of a triangle, 
in which we are able to determine directly, either another side and 
two angles, or tio gides.and one angle, The knowledge required 
is obtained by the mathematical labour of deducing the unknown 
distance from the obs^rved elements, by means of the relation be- 
tween them. ‘Ihe process may, and commonly does, become highly 
complicated by, the elements supposed to be known being themselves 
determinable only iu an indirept, manner, by the aid of fresh aux- 
iliary systems, the number of which may be very considerable. The 
distance, once ascertained, will often. enable us to obtain new quan- 
tities, Which will offer occasion for new mathematical questions. 
Thus, when we once know the distance of any object, the observa- 
tion, simple and always possible, of its apparent diameter, may dis- 
close to us, with certainty, however indirectly, its real dimensions ; 
and at length, by a series of analogous inquiries, its surface, its 
volume, even its weight, and a multitude of other qua: ies which 
might have seemed out of the reach of our knowledge for ever. It 
is by such labours that Man has learned to know, not only the dis- 
tances of the planets from the earth and from each other, but their 
actual magnitude,—their true form, even to the inequalities on 


their surface, and. (what seems much more out of his reach) their 
ir mean densities, and the leading circumstances 


vy bodies on their respective surfaces, etc. Through 

matical theories, all this and very much more 
has been obtained by means of a very small number of straight lines, 
properly chosen, and a larger number of angles. We might even 
say, to describe the general bearing of the science in a sentence, 
that, but for the far of multiplying mathematical operations 
unnecessarily, ond for the consequent necessity of reserving them 
for the determination of quantities which vould not be measured 
directly, the knowledge of all magnitudes susceptible of precise 
estimate which can be offered by the various orders of phenomena, 
would be finally reducible to the immediate measurement of a single 
straight line, and of a suitable number of angles. 4 

We can now define Mathematical science with precision. Ti has 
«for its object the indirect measurement of magni- pyne deini- 

* tudes, and it proposes fo determine magnitudes by tion of ma 
each other, according to the precise relations which emer 
exist between them. Preceding definitions haye given to Mathe- 
matics the character of an Art; this raises it at once to the rank of 
a true Science, According to this definition, the spirit of Mathe- , 

` matics consists in regarding as mutially connected all;ihequautities 


which can be presented by any phenomenon whatsoever, in order to 


of the fall of hea 
the power of mathe: 
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deduce all from each other. Now, there is evidently no phenomenon 
which may not be regarded as affording such considerations, Hence 
results the naturally indefinite extent, and the rigorous logical 
universality of Mathematical science. ‘As for its actual practical 
extent, we shall see what that is, hereafter. 

These explanations justify the name of, Mathematics, applied to 
the science we are considering. By itself it signifiés Screxce, The 
Greeks had no other, and we may call it the science; for its defini- 
tion is neither more nor less (if we omit he specific notion of 
magnitudes) than the definition of all science whatsoever, All 
science consists in the co-ordination of facts; and no science could 
exist among isolated observations. , It might*even’ be said that 
Mathematics might enable us to dispense with all direct observation, 
by empowering us to deduce from the smallest possible number of 
immediate data the largest possible amount of results, Ts not this 
the real use, both in speculation and in action, of the laws which 
we discover among natural phenomena ? If so, Mathematics 
merely urges to the ultimate degree, in its own way, researches 
which every real science pursues, in various inferior degrees, in its 
own sphere. Thus it is only through Mathematics that we can 
thoroughly understand what true Science is. Here alone can we find 
in the highest degree simplicity and severity of scientific law, and 
such abstraction as the human mind can attain. Any scientific 
education setting forth from any other point, is faulty in its basis, 

Thus far, we have viewed the science as a whole. We must now 
consider its primary division. The secondary divisions will be laid 
down afterwards. 

Every mathematical solution spontaneously ssepirates into two 
Ins two rants, Parts. The inquiry being, as „we have seen, the 

determination of unknown magnitudes, through their 
relation to the known, the student must, in the first place, ascertain 
what these relations are, in the case under Ais notice. This‘ first 

Their difer- - is the Concrete pan; of the inquiry, When it is 

ent objects. accomplished, what remains is a pure question of 
numbers, consisting simply in the determination of unknown 
numbers, when we know by what relation they are connected with 
known numbers. This second operation is the Abstract part of 
the inquiry. he primary division of Mathematics is therefore into 
two" great sciences :— ABSTRACT MarHEMATICS, and Concreta 
MATHEMATICS. This division exists in all complete mathematical, 
questions whatever, whether more orsless simple. 

Recurring to the Simplest case of a falling body, 
by learning the relation’ hetween'the height from which it falls and 
the time occupied in falling. As Geometers 8 
equation which exists between them. Till this 

‘basis foraa computation. This ascertainment 
difficult, and it is incomparably, the superior 


is done, there is no 
may be extremely 
part of the problem. 
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The true scientific spirit is so modern, that as far as we know, no 
one before Galileo had remarked the acceleration of velocity in a 
falling body, the natural supposition having been that the height 
was in uniform proportion to the time. This first inquiry issued 
in the discovery of the law of Galileo. The Concrete part being 
accomplished, the Abstract remains. We have ascertained that 
the spaces traversed in*each second ifigrease as the series of odd 
numbers, and we now have only the task of the computation of the 
height from the time, @ of the time from the height ; and this con- 
sists in finding that, by the established law, the first of these two 
quantities is agknown multiple of the second power of the other; 
whence we may finally determine the value of the one when that 
of the other is given. In this instance the concrete question is the 
more difficult of the two. If the same phenomenon were taken 
in its greatest generality, the reverse would be the case. Take the 
two together, and they may be regarded as exactly equivalent in 
difficulty. The mathematical law may be easy to ascertain, and 
difficult to work; or it may be difficult to ascertain, and easy 
to work. In importance, in extent, and in difficulty, these two 
great sections of Mathematical Science will be seen hereafter to be 
equivalent. 
We have seen the difference in their objects. Their diger- 
- They are no less different in their nature. ent natures. 4 
The Concrete must depend on the character of the objects 
examined, and must vary when new phenomena present them- 
selves: whereas, the Abstract is wholly independent of tlie nature 
of the objects, and is concerned only with their numerical relations. 
Thus, a great Variety of phenomena may be brought under one 
geometrical solution. Cases which appear as unlike each other as 
possible may stand for one another under the Abstract process, 
which thus serves Jor all, while the Concrete process must, be new 


in each case. hu the Concrete processcis Special, and the” 


Abstract is General. The character of the Concrete is experimental, 
physical, phenomenal :* while the Abstract is purely logical, rational. 
Nhe Concrete part of every mathematical question is necessarily 
founded on consideration of the external world; while the Abstract 
part:consists of a series of logical deductions, The equations being 
once found, in any case, it is for the understanding, without external 
aid, to educe the results which these equations coutain. 

^ We see how natural and complete this main division is. We 
will briefly prescribe the Jimits%f each section. e E 

As it is tle business of Concrete Mathematics to discover the 

equations of phenomena, we might suppose thet it Concrete . 
-must comprehend as many distinct sciepces as there — AMathemeties. 


are distinct categories of phenomena ; but we are very far indeed | 


from having discovered mathematical laws in all orders oi pheno- 
mena. In fact, there are as yet only two great categories of pheno- 
VOL. I. ; c 
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mena whose equations are constantly known :—Geometrical and 
Mechanical phenomena. Thus, the Concrete part of Mathematics 
consists of GEOMETRY and RATIONAL MECHANICS. 

There is a point of view from which all phenomena might be 
included under these two divisions. All natural effects, considered 
statically or dynamically, might be referred to laws of extension 
or laws of motion. But this point of view is tdo high for us at 
present; and it is only in the regions of Astronomy, and, partially, 
of terrestrial Physics, that this vast transformation has taken place. 
We will then proceed on the supposition that Geometry and 
Mechanics are the constituents of Concrete Mathemajics. 

The nature of Abstract Mathematics is precisely determined. It 

Abstract is composed of what is called the Calculus, taking 

Mathematics. this word in its widest extension, which reaches from 
the simplest numerical operations to the highest combinations of 
transcendental analysis. «'Its proper object is to resolve all questions 
of numbers. Its starting-point is that which is the limit of Con- 
crete Mathematics,—the knowledge of the precise relations—that is. 
the equations—between different magnitudes which are considered 
simultaneously. The object of the Calculus, however indirect or 
complicated the relations may be, is to discover unknown quantities 
by the known. . This science, though more advanced than any other, 
is, in reality, only at its beginning yet; but it is necessary, in order 
to define the nature of any science, to suppose it perfect, And the 
true character of the Calculus is what we have said. 

From an historical point of view, Mathematical Analysis appears 
to have arisen out of the contemplation of geometrical and mechani- 
cal facts; but -it is not the less independent of these sciences, 
logically speaking. Analytical ideas are, above all others, universal, 
abstract, and simple; and geometrical and mechanical conceptions 
are necessarily founded on them. Mathematica] ‘Analysis is there- 
fore the true rationel basis of the whole system of our po$itive 
knowledge. We can now also “explain why itenot only gives 
precision to our actual knowledge, but establishes a far more 
perfect co-ordination in the study of phenomena which allow of 
such an application. “If a single analytical question, brought to an 
abstract solution, involves the implicit solution of a multitude of 
physical questions, the mind is enabled to perceive relations between 
phenomena. apparent]y isolated. and to extract from them the 
quality which they have iu common. To the wonder of the 
student, unsuspected relations arise between problems which, instead 
of being, as they appeared before, wholly (connected, turn ont to 
be identical. Theve appears to be no connection between the deter- 
mination of the direction of a curve at each of its points and that of 
the velocity of a body at each moment of its variable m t 
in the eyes «f the geometer, these questions are but one. 

When we have seized the true general character of Mathematical 


otion ; yet, 


| 
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Analysis, we easily see how perfect it is, in comparison with all 
other branches of our positive science. The perfection consists in 
the simplicity of the ideas contemplated ; and not, as Condillac and 
others have supposed, to tlie conciseness and generality of the signs 
used as instruments of reasoning. «The signs are of admirable use 
to work out the ideas, when once obtained; but, in fact, all the 
great, analytical conceptions were formed without any essential aid 
from the signs. Subjects which are by their nature inferior in 
simplicity and generatity cannot be raised to logical perfection by 
any artifice of scientific language. 

We have new seen what is the object and what is the character 
of Mathematical Science. It remains for us to con- — Extent of its 
sider the extent of its domain. domain. 

We must first admit that, in a logical view, this science is 
necessarily and rigorously universal. "There is no ys 
* 5 Mv . M + : ts universality. 
inquiry which is not finally reducible to a question 
of Numbers; for there is none which may not be conceived of as 
consisting in the determination of quantities by each other, accord- 
ing to certain relations. "Phe fact is, we are always endeavouring 
fo arrive at numbers, at fixed quantities, whatever may be our 
subject; however uncertain our methods, and however rough our 
results. Nothing can appear less like à mathematical inquiry than 
the study of living bodies in a state of disease ; yet, in studying the 
cure of disease, we are endeavouring to ascertain the quantities of 
the different agents which are to modify the organism, in order to 
bring it to its natural state, admitting, as geometers do, for some 
of these quantities, ‘in certain cases, values which are equal to zero, 
negative, or even eontradictory. It is not meant that such a 
method can be actually followed in the case of complicated pheno- 
mena; but the Jogical extension of the science, which is what we 
ave now considerieg, comprehends such instances as this, 

Rant has divided htiman ideas into the tvzo categories of quantity 
and quality, wlüch, if true, would destroy the universality of Mathe- 
matics; but Descartes’ fundamental conception of the relation of 
the concrete to the abstract in Mathematics abolishes this division, 
und proves that all ideas of quality are reducible to ideas of 
quantity He had in view geometrical phenomena only ; but his 
successors have included in this generalization, first, mechanical 
phenomena, and, more recently, those of heat. ‘There are now no 
Scometers who do not consider it of universal application, and 
admit that every phenomenon “may be as logically capable of being 
represented Dy an equation as a curve or a motion, if only we were 
always capable (which we are very far from beirg) of first discover- 


- ing, and then resolving it. 


E E of Mathematical science are not, then, in its 
nature. imitations are i ird i * "Ts limi 
CERA he limitations are in our intelligente? FAs imitations. 
an y these we find the domain of the science’ 
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remarkably restricted, in proportion as phenomena, in becoming 
special, become complex. ; - 
Though, as we have seen, every question may be conceived of as 
reducible to numbers, the reduction cannot be made by us except 
in the case of the simplest and most general phenomena. The 
difficulty of finding the equation in the case of special, aid therefore 
complex phenomena, soon becomes insurmbuntable, so that, at the 
utmost, it is only the phenomena of the first three classes,—that is, 
only those of Inorganic Physics,—that we cali even hope to subject 
to the process. T'he properties of inorganic bodies are nearly 
invariable; and therefore, with regard to them, the first condition 
of mathematical inquiry can be fükilled: the different quantities 
which they present may be resolved into fixed numbers; but the 
variableness of the properties of organic bodies is beyond oyr man- 
agement. An inorganic body, possessing solidity, form, consistency, 
specific gravity, elasticity, etc., presents qualities which are within 
our estimate, and can be treated mathematically ; but the case is 
altered when Chemical action is added to the Complications 
and variations then enter into the question which at present baffle 
mathematical analysis, Hereafter, it may be discovered what 
fixed numbers exist in chemical combinations : but we are as yet 
very far from having any practical knowledge of them. Still further 
are we from being able to form such computations amidst the con- 
tinual agitation of atoms which constitutes what we call life, and 
therefore from being able to carry mathematical analysis into the 
study of Physiology. By the rapidity of their changes, and. their 
incessant numerical variations, vital phenomena are, practically, 
placed in opposition to mathematical processes." If we should desire 
to compute, in a single case, the most simple facts of a living body, 
—such as its mean density, its temperature, the velocity of its cir- 
culation, the proportion of elements which at anyemoment compose 
its solids or its fluids, thre quantity of oxygen Which it consumes in a 
given time, the amount of its abstrptions or its exhalations,—and, 
yet more, the energy of its muscular force, the intensity of its 
impressions, etc., we must make as many observations as there are 
species or races, and varieties in each; we must measure the 
changes which take place in passing from one individual to another, 
and, in the same individual, according to age, health, interior con- 
dition, surrounding circumstances perpetually varying, such as the 
constitution of the atmosphere, etc.. It is clear that no mathes 
matical precision ean be attained Amidst. a complexity like this, 
Social phenomena, being more complicated still, are efen more out 
of the question, as‘ subjéets for mathematical analysis. It is not 
that a mathematical basis does not exist in these cases, as: truly as 
in phenomena which exhibit, in all clearness, the law of gravitation : 
but that'our*faculties are too limited for the working of problems 
80 intricate. We are baffled by various phenomena of inorganic 
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bodies, when they are very complex. For instance, no one doubts 
that meteorological phenomena are subject to mathematical laws, 
however little we yet know about them; but their multiplicity 
renders their observed results as variable and irregular as if each 
cause were free of all such conditions. : : 

We find a second limitation in the number of condifions to be 
studied, even if, we were sure of the mathematical law which 
governs each agent. Our feeble faculties could not grasp and wield 
such an aggregate of conditions, however certain might be our know- 
ledge of each. In the simplest cases in which we desire to approxi- 
mate the abstract to the concrete conditions, with any completeness, * 
—as in the phenomenon of the flow of a fluid from a given orifice, 
by virtue of its gravity alone—+-the difficulty is such that we are, as 
yet, without any mathematical solution of this very problem. The 
same is the case with the yet more simple instance of the move- 
ment of a solid projectile through a resisting medium. 

To the popular mind it may appear strange, considering these 
facts, that we know so much as we do about the planets. But in 
reality, that class.of phenomena is the most simple of all within our 
cognizance. ‘he most complex problem which they present is 
the influence of a third body acting in the same way on two which ` 
are tending towards each other in vir(ue of gravitation; and this 
is amore simple question than any terrestrial problem whatever. 
We have, however, attained only approximate solutions in this 
case, And the high perfection to which solar astronomy has been 
brought by the use of mathematical science is owing to our having 
profited by those facilities that we may call accidental, which the 
favourable constitution „oË our planetary system presents. The 
planets which compose it are few; their masses are very unequal, 
and much less than that of the sun; they are far distant from each 
other; their forms re nearly spherical their orbits are nearly 
ciranlar, and onlyslightly inclined in relation to each other ; and 
soon. Their perturbations are, in consequence, inconsiderable, for 
the most part; and all we have to do is usually to take into the 
account, together with the influence of the sun on each planet, the 
influence of one Gther planet, capable, by its size and its nearness, 
of occasioning perceptible derangements. If any of the conditions 
mentioned above had been different, though the law of gravitation 
had existed as it is, we might not at this day have discovered it. And 
if wë were now to try to investigate Chemical phenomena by the 
Same law, we should find a solution as impossible as it would be a 
astronomy, if the conditions of the heavenly bodies were such as we 
could nof reduce to an analysis. + aë " E 

In showing that Mathematical analysis can be. applied quis to 
Inorganic Physics, we are not restricting its domain. Tts Spronk 
universality, in a logical view, has been established. To pretend: 
that it is practically applicable to the same extent would be merely 
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1o lead away the human mind from the true direction of scientific 
study, in pursuit of an impossible perfection. The most difficult 
sciences must remain, for an indefinite time, in that preliminary 
state which prepares for the others the time when they too may 
become capable cf mathematical treatment. Our business is to 
study phenomena, in the characters and , relations in which they 
present themselves to us, abstaining from introduci.ig considerations 
of quantities, and mathematical laws, which it is beyond our power 
to apply. G er. : 

We owe to Mathematics both the origin of Positive Philosophy 
and its Method. When this method was introduced into the other 
sciences, it was natural that it should be urged too far. But each 
scieuce modified the method by the” operation of its own peculiar 
phenomena. Thus only could that true definitive character be 
brought out, which must prevent its being ever confounded with 
that of any other fundamental science. 

The aim, character, and general relations of Mathematical Seience 
have now been exhibited as fully as they could be in such a sketch 
“as this. We must next pass in review the thr 


which it is composed,—the Calculus, Ge 


i ometry, and Rational 
Mechanics, 


ee great sciences of . 
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CHAPTER 1I. ep 
GENERAL VIEW OF MATHEMATICAL ANALYSIS. 
" 


THe historical development of the Abstract portion of Mathematical 
science has, since the time of Descartes, been for the — 

most part determined by that of the Concrete. Yet SEWER 

the Caltulus in all its principal branches must be understood before 
passing on to Geometry and Mechanics. ‘Che Concrete portions of 
the science depend on the Abstract, which are wholly independent 
of them. We will now therefore proceed to a rapid review of the 
leading conceptions’ of the Analysis. A 

First, however, we must take some notice of the general idea of 
an equation, and see how far it is from being the Zpue idea of 
true one on which geometers proceed inepractice ; for €% equation. 
without settling this point we cannot determine, with any precision, 
the real aim and extent of abstract mathematics. 

The business of concrete mathematics is to discover the equations 
which express the mathematical laws of the phenomenon under 
consideration ; and these equations are the starting-point of the 
calculus, which*musé obtain from them certain quantities by means 
of.others. It is ouly by forming a true idea of an equation that we 
can lay down the real line of separation between the concrete and 
the abstract part^of mathematics. ; 

If'is giving much 400 extended a sense to the notion of an equa- 
iion to suppose that it meaus every kind of relation of equality 
between any two functions of the magnitudes under consideration ; 
for, if every equation is a relation of equality, it is far from being 
the case that, reciprocally, every relation of equality must be an 
to which analysis is, by the nature of the case, 
ident that this confusion must render it almost 
the difficulty we find in establishing "the 

relation of the concrete to the abstract which meets us in every 
great mathematical question, taken by itself. TE the word EH 
meant what we are apt to suppose, ib is not easy to see what ‘ itli- 
culty there could be, in general, in establishing the equations 9s i 
problem whatever. ‘This ordinary notion of an equation is widely 
"unlike what geometers understand in' the actual working of the 


science, “ai o 3 
According to my view, functions must themselves be ivided into 


equation of the kind 
applicable. Itis evi 
impossible to explain 
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Abstract and Concrete ; the first of which alone can enter iuto true 
equations. Every equation is a relation of equality between two 
abstract functions of the magnitudes in question, including with the 
primary magnitudes all the auxiliary magnitudes which may be 
connected with the problem, and the introduction of which may 
facilitate the discovery of the equations songht. d 

This distinction may be*established by, both “he à priori and 
d posteriori methods; by characterizing each kind of function, and 
by enumerating all the abstract functions yet known,—at least with 
regard to their elements. 

A priori; Abstract functions express & mode of dependence 

between magnitudes which may %e conceived between 

ae numbers alone, without the need of pointing out any 

K ` phenomena in which it may be found realized ; 
ME while Concrete functions are those whose expression 

' — requires a. specified actual case of physies, geometry, 
mechanics, etc. 

Most functions were concrete in their origin, —even those which 
are at present the most purely abstract; and the ancients discovered 
only through geometrical definitions elementary algebraic properties 
of functions, to which a numerical value was not attached till lone 
afterwards, rendering abstract to us what was concrete to the old 
geometers. ‘There is another example which well exhibits the 
distinction just made—that of circular functions, both direct and 
inverse, which are still sometimes concrete, sometimes abstract, 
according to the point of view from which they are regarded. 

A posteriori ; the distinguishing character, abstract or concrete, 
of a function having been established, the question of any deter- 
minate function being abstract, and therefore able to enter into true 
analytical equations, becomes a simple question of fact, as we are 
acquainted with the elements which compose all tne abstract func- 
tions at present known., We say we know tlen all, though afialy- 
tical functions are infinite in number, because we are here speaking, 
it must be remembered, of the elements—of the simple, not of the 
compound. We have ten elementary formulas; and, few as they 
are, they may give rise to an infinite number of analytical combina- 
tions. There is no reason for supposing that there can never be 
more. We have more than Descartes had, and even Newton and 


Leibnitz; and our successors will doubtless introduce additions, 
though there is so much difficulty attending their augmentation, 


that we cannot hope that it will proceed very far. 
It is the insufficiency of this very small number: of analytical 
elements which constitutes our ‘difficulty in passing from the con- 
erete.to the abstract. In order to establish the equations of 
mena, we must conceive of their mathematical | 
functione composed of these few elements, 
question has been essentially , concrete, not 


pheno- 
aws by the aid of 
Up to this point the 

coming within the 
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domain of the calculus. The difficulty of the passage from the 
conerete to the abstract in general consists in our having only these 
few analytical elements with which to represent all the precise rela- 
tions which the whole range of natural phenomena afford to us. 
‘Amidst their infinite variety, our conceptions must be far below 
the real difficulty ; and «especially because these elements of our 
analysis have been supplied to us by the mathematical consideration 
of the simplest phenomena of a geometrical origin, which can afford 
us ù priori no rational guarantee of their fitness to represent the 
mathematical laws of all other classes of phenomena. We shall 
hereafter ‘see jov this°difficulty of the relation of the concrete to 
the abstract has béen diminished, without its being necessary to 
multiply the number of analytiéal elements. 

Thus far we have ce sidered the Calculus as a whole, We 
must now consider its divisions. These divisions We Two parts of 
must call the Algebraic Calculus, or Algebra, and the Calculus. 
the Arithmetical Calculus, ov Arithmetic, taking care to give them 
the most extended logical sense, and not the restricted one in which 


"ihe terms are usually received. 


Tt is clear that every question of Mathematical Analysis presents 
two successive parts, perfectly distinct in their nature. ‘Lhe first stage 
is the transformation of the proposed equations, so as to exhibit the 
mode of formation of unknown quantities by the known. "This 
constitutes the algebraic question. ‘Then ensues these 
task of finding the values of the formulas thus et 
obtained. ‘he values of the numbers sought are already repre- 
sented by certain explicit functions of given numbers : these values 
must be deterfnined ; and this is the arithmetical 
question. Thus the algebraic and the arithmetical a 
calculus differ in their object. They differ also in their view of 
quantities —Algebra considering quantities in regard to their rela- 
tions, and Avithmetiein regard to their values. In practice it is not 


always possible, owing to thé imperfection of the science of the cal- 
culus, to separate the processes entirely in obtaining 


Arithmetic. 


a solution; but 
the radical difference of the two operations should never be lost 
sight of. Algebra, then, is the Calculus of Functions, and Arith- 
metic the Calculus of Values. We have seen that the division of the 
Caleulus is into two branches. Tt remains for us to compare the two, 
in order to learn their respective extent, importance, and difficitlty- 


« The Calculus of Values, „Arithmetic, appears at first to have 


as wide a field as Algebra, since as many questions  ypismetic. 
might seemato arise from it as we can conceive differ- Menu 
ent algebraic formulas to be valifed. Bata very simple reflection 
will show that it is not so. Functions being divided into simple 
and compound, it is evident that when we become zts extent. 


able to determine the value of simple functions, theres > | 
will be no difficulty with the compound. Tn the algebraic relation, 


^ 


42 POSITIVE PHILOSOPHY. 


a compound function plays a very different part from that of the 
elementary functions which constitute it; and this is the source of 
our chief analytical difficulties. But it is quite otherwise with the 
Arithmetical Calculus. Thus, the number of distinct arithmetical 
operations is indicàted by that of the abstract elementary functions, 
which we have seen to be very few. he determination of the 
values of these ten functions necessarily affords that'of all the infinite 
number comprehended in the whole of mathematical analysis: and 
there can be no new arithmetical operations yotherwise than by the 
creation of new analytical elements, which must, in any case, for 
ever be extremely small. The domain of arithmetic then is, by its 
nature, narrowly restricted, while that of algebra*is rigorously 
indefinite. Still, the domain of arithmetic is more extensive than 
is commonly represented ; for there are many questions treated as 
incidental in the midst of a body of Analytical researches,e which, 
consisting of determinations of values, are truly arithmetical. Of 
this kind are the construction of a table of logarithms, and the 
calculation of trigonometrical tables, and some distinct and higher 
procedures; in short, every operation which has for its object the 
determination of the values of functions. And we must also 
include that part of the science of the Caleulus which we call the 
Theory of Numbers, the object of which is to discover the properties 
inherent in different numbers, in virtue of their valnes, independent 
of any particular system of numeration. It constitutes a sort of 
transcendental arithmetic. Though the domain of arithmetic is 
thus larger than is commonly supposed, this Calculus of values will 
.yet never be more than a point, as it were, in comparison with’ the 
calculus of functions, of which mathematical, science essentially 
consists. This is evident, when we look into the real nature of 
arithmetical questions, 
Determinations of values are, in fact, nothing else than real 
Thy attire transformations of the functiong-to be valued. "hese 
' | transformations have d special end; but they are 
essentially of the same nature as all taught by analysis. In this 
view, the Calculus of values may be regarded as a supplement, and 
a particular application of the Calculus -of functions, so that 
arithmetic disappears, as it were, as a distinct section" in the body 
of abstract mathematics, To make this evident, we must observe 
that’ when we desire to determine the value of an unknown number 
whose mode of formation is given, we define and express that, 
value in merely Announcing the arithmetical question, already 
defined and expressed under a certain form ; and that, in deter- 
mining its value, we mérely express it under another determinate 
form, to which we are in the habit of referring the idea of each 
particular number by making it re-enter into the regular 
numeration. . This is made clear by what happens when the mode. 
of numeration is such that the question is its own answer ; as, for 
^ 
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instance, when we want to add together seven and thirty, and call 
the result seven-and-thirty. In adding other numbers, the terms 
are not so ready, and we transform the question ; as when we add 
together twenty-three and fourteen: but not the less is the opera- 
tion merely one of transformation of a question already defined and 
expressed. „In this view, the calculus of values might be regarded 
as a particular application of the calewus of functions, arithmetic 
thereby disappearing, as -a distinct section, from the domain of 
abstract mathematics-4-And here we have done with the Calculus 
of values, and pass to the Calculus of functions, of which abstract 
mathematits is essentially composed. 

We have seén that the difficulty of establishing the relation of 
the-conerete to the abstract’ is owing to the insuflici- 
ency of the very small number of analytical elements Eds 
that we*are in possession of. ‘The obstacle has been surmounted 
in a great number of important cases: and we will now see 


how the establishment of the equations of phenomena has been 
achieved. 

The first means of remedying the difficulty of the small number 
of analytical elements seems to be to create new- Creation of 
ones. But a little consideration will show that this new functions, 
resource is illusory. A new analytical clement would not serve 
unless we could immediately determine its value: but how can we 
determine the value of a function which is simple; that is, which 
is not formed by a combination of those already known? ‘This 
appears almost impossible : but the introduction of another ele- 
mentary abstract function into analysis supposes the simultaneous 
creation of a new arithmetical operation ; which is certainly ex- 
tremely difficult. If we try to proceed according to the method 
which procured us the elements we possess, we are left in entire 
uncertainty ; for the artifices thus employed are evidently exhausted. 
We have thus uo dwm how to proceed to create new elementary 
abstract functions. Yet, we must not therefore conclude that we 
have reached the limit appointed by the powers of our.understand- 
ing. Special improvements in mathematical analysis have yielded 
us some partial substitutes, which have increased our resources: 
but it is clear that the augmentation of these elements carmot pro- 
ceed but with extreme slowness. It is not in this direction, then, 
that the human mind has found its means of facilitating the estub- 
lishment of equations. | 

This first method being discarded, there remaips only one other. 


As it is impossible to find the equations directly, We pinding equa- 


must seek for corresponding onés between ather tions between 
t auxiliary 


auxiliary quantities, connected with the first accord- Guantities. 
ing to a certain determinate law, and from the rela; |, 4 
tion between which we may ascend to.that of the pimper Maen 
tudes. This is the fertile conception which we term the transcen- 
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dental analysis, and use as our finest instrument for the mathe- 
matical exploration of natural phenomena. 

This conception has a much larger scope than even profound 
geometers have hitherto supposed; fer the auxiliary quantities 
resorted to might' be derived, according to any law whatever, from 
the immediate elements of. the questien. Tt is we]l to notice 
this; because our future improved analysical réSources may per- 
haps be fouud in a new mode of derivation. But, at pres- 
ent, the only auxiliary. quantities habitually substituted for the 
punitive quantities in transcendental analysis are, what are 
callel— — - d 

Ist, infinitely small elements, the differentials of different orders 
of those quantities, if we conceive of this analysis in the manner of 
Leibnitz :+or 

2nd, the fluxions, the limits of the ratios of the simifltaneous: 
increments of the primitive quantities, compared with one another ; 
or, more briefly, the prime aud ultimate ratios of these increments, 
if we adopt the conception of Newton: or 6 

3rd, the derivatives, properly so called, of these quantities; that 
is, the coefficients of the different terms of their respective incre- 
ments, according to the conception of Lagrange, 

These conceptions, and all others that have been proposed, are by, 
their nature identical. The various grounds of preference of each . 
of them will be exhibited hereafter. 

We now see that the Calculus of functions, or Algebra, must 

Division of Consist of two distinct branches. y The one hag for 

the Caleulus its object the resolution of equations when they are 

Ongunctions. directly established between themagnitudes in ques- 
tion: the other, setting out from equations (generally much more * 
easy to form) between quantities indirectly connected with those 
of the problem, has to deduce, by invariable analftical procedures, 
the corresponding equations between the «lirect magnitudés in 
question ;—bringing the problem»within the domain of the preced- 
ing caleulus—It might seem that the transcendental analysis 
ought to be studied before the ordinary, as it proyides the equations 
which the other has to resolve. But, though, the transcendental is 
logically independent of the ordinary, it is best to follow the usual 
method of study, taking the ordinary first; for, the proposed ques- 
tions always requiring to be completed by ordinary analysis, they 
must be left in suspense if the instrument of resolution had nst 
been studied beforehand. e ^ 

To ordinary analysis I propose to give the name ofe CALCULUS or 
Direcr Functions. “Lo transcendental analysis (which js known 
by the names of Infinitesimal Calculus, Calculus of fluxions and 
ot fluents, Calculus of Vanishing: quantities, the Differential and 


o 
Inteerah Calculus, etc., according to the view in which it has been 
Isprrecr Funo- 


Conceived) I shall give the title of Carcunus or 


NL. 
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TIONS. I obtain these terms by generalizing and giving precision 
to the ideas of Lagrange, and employ them to indicate the exact 
character of the two forms of analysis. 

o 


A o SECTION I. 
4 t 
ORDINARY ANALYSIS, OR CALCULUS OF DIRECT FUNCTIONS. 


Algebra is adequate, to the solution of mathematical questions 
which are so simple that we can form directly the equations 
between the magnitudes considered, without its being necessary to 
bring into the probleia, either in substitution or alliance, any system 
of auxiliary quantities derived from the primary. It is true, in ‘the 
majority of important cases, its use requires to be preceded and 
prepared for by that of the calculus of indirect functions, by which 
the establishment of equations is facilitated: but though algebra 
then takes the second place, it is not the less a necessary agent in 
the solution of the question; so that the Calculus of direct, func- 
tions must continue to be, by its nature, the basis of mathematical 
analysis. We must now, then, notice the rational composition of 
this calculus, and the degree of development it has attained. 

Its object being the resolution of equations (that is, the discovery 


_ of the mode of formation of unknown quantities by 7), ii 
ct. 


the known, according to the equations which exist 

between them), it presents as many parts as we can imagine distinct 
classes of equations; and its extent is therefore rigorously indefinite, 
because the number of analytical functions susceptible of entering 
into equations if illimitable, though, as we have seen, composed of 
a very small number of primitive elements. 


‘Pie rational classification of equations must evidently he deter- 


mined by the nagurecof the analytical elements of Classification 
which their menem are composed. Accordingly, of Equations. 
analysts first diyide equations with one or more variables into two 
principal classes, according as they contain sfunctions.of only the | 
first three of the ten couples, or as they include also either exponential 
or circular functions. Though the names of algebraic and tran- 
scendental fuhotions given to these principal groups are inapt, ihe 
division between the corresponding equations is real enough, in so far 
as that the resolution of equations containing the transcendetital , 
functions is more difficult than that of algebraic equations. Hence 
the study of the first is extremely imperfect, and our analytical 
methods relate almost extlusively to the elaboration of the second. 
Our business now is with these Algebrai¢ équations only. In the 
first place; we must observe that, though they may + Algebraic 
‘often contain irrational functions of the unknown  $uénons 
uantities, as well as rational functions, the first casë Guo, always 
be brought under the second, by trapsformations more or less easy ; 
e ; 
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so that it is only with the latter that analysis have had to occupy 
themselves, to resolve all the algebraic equations. As to their 
classification, the early method of classing them according to the 
number of their terms has been retained only for equations with two 
terms, which are, in fact, susceptible of a resolution proper to them- 
selves. The classification by their degrees, long juniversally estab- 
lished, is eminently natural; Yor this distinction rigorously determines 
the greater or less difficulty of their resolution, ‘Lhe gradation ean 
be independently, as well as practically ex pe for*the most 
general equation of each degree necessarily coiMprehends all those of 
the different inferior degrees, as must also the formula which deter- 
mines the unknown quantity: and therefore, however slight we may, 
à priori, Suppose the difficulty to be of the degree under notice, 
it must offer more and more obstacles, in’ proportion to the rank of 
the degree, because it is complicated in the execution with those of 
all the preceding degrees. P 

This increase of difficulty is so great, that the resolution of 

Agebraicre- Ugebraic equations is as yet known to us only in the 

solution of four first degrees. In this respect, algebra has ad- 

Cintia: vanced but little since the labours of Descartes and 
the Italian analysts of the sixteenth century; though there has pro- 
bably not been a single geotneter for two centuries past who has not 


striven to advance the resolution of equations. The general equa- + 


tion of the fifth degree has itself, thus far, resisted all attempts. 
The formula of the fourth degree is so difficult as to be almost 
inapplicable ; and analysts, while by. no means despairing of. the 
resolution of equations of the fifth, and even higher degrees, being 
obtained, have tacitly agreed to give up such researches, 

The only question of this kind which would be of eminent impor- 
tance, atleast in its logical relations, would be the general resolution 
of algebraic equations of any degree whatever. , But the more we 
ponder this subject, the-more we are led to suppose, with Lagrange, 
that it exceeds the Scope of oui’ understandings? Even if the 
requisite formula could be obtained, it could not be usefülly applied, 
unless we could simplify it, without impairing its generality, by the 
introduction of a new class of analytical elements, of which we have 
as yet no idea. And, besides, if we had obtained the resolution of 
algebraic equations of any degree whatever, we should still have 
treated only a very small part ot algebra, properly so called 9 that 
is, of the calculus of direct functions, comprehending the resolution 
of all the equations that can be formed by the analytical functions 
known to us at this-day, Again, we must remember that by a Jaw 
of our nature, we shall always remain below the difficulty of science 
our means of conceiving of new questions being always more power- 
ful than our resources for resolving them; in other words, the human 
mind being more apt at imagining than at reasoning, Thus, if we 
had resolved all the analytical ‘equations now known, and if, to do 


"resolution, of equations. ‘The first, the only 
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this, we had found new analytical elements, these again would intro- 
duce classes of equations of which we now know nothing: and so, 
however great might be the increase of our knowledge, the imper- 
fection of our algebraic sciefice would be perpetually reproduced. 

The methods that we have are, the complete resolution of the 
equations of, the first four degrees; of any binomial Our existing 
equations; of certain spesial equations ot the superior knowledge. 
degrees 5 and of a very, small number of exponential, logarithmic, 
and circular equations. ^ These elements are very limited ; but geo- 
meters have succeeded in treating with them a great number of 
important questions iu an admirable manner. The improvements 
introduced within a century info mathematical analysis have con- 
tributed more to render the littre knowledge that we have immea- 
surably useful, than to increase it. 

‘No fill up the vast gap in the resolution of algebraic equations of 
the higher degrees, analysts have had recourse tO. U umeri tA 
new order of questions; —to what they call the numer-. solution of 
deal resolution of equations. Not being able to obtain emanon 
the real algebraic formula, they have sought to determine at lehst the 
value of each inknown quantity for such or such a designated system 
of particular values attributed to the given quantities. ‘This opera- 
tion is 2 mixture of algebraic with aritiimetical questions; and it 
has been so cultivated as to be rendered possible in all cases, for 
equations of any degree and.even of any form, ‘The methods for 
this are now sufficiently general ; and what remains is to simplify 
them so as to fit them for regular application. While such is the 
state of algebra, we have to endeavour so to dispose the questions 
to be worked a8 towrequire finally only. this numerical vesolution 
of the equations, We must not forget however that this is very 
imperfect, algebra ; and it is only isolated, or truly final questions 

which are very few); that can be brought finally to depend upou 
only the numerical resolution of equations. Most questions are only 
preparatory, —arfirst stage of the solution of other questions; and 
in these cases it is evidently not the value of the unknown quantity 
that we want to discover, but the formula, which exhibits its deriva- 
tion. Even in the most simple questions, when this ‘numerical 
resolution is strictly sufficient, it is not, the less a very imperfect 
method, Because we cannot abstract and treat separately the alge- 
braiegpart of the question, which is common to all the cases which 
result from the mere variation of the given numbers, we are obliged 
to go over again the whole series of operations for the slightest: 
change that may take place in any one of the quantities concerned. 

Thug is the calculus of direct functions at present divided into 
two parts, as it is employed for the algebraic or the numerical 
satisfactory One, 1s 
unfortunately very restricted, and there is little hopesthas it will 
ever be otherwise: the second, usually insufficient, bas at least the 
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advantage of a much greater generality. They must be carefully 
distinguished in our minds, on account of their different objects, and 
therefore of the different ways in which quantities are considered by 
them. Moreover. there is, in regard to’ their methods, an entirely 
different procedure in their ratienal distribution. In the first part, 
we have nothing to do with the values of the unknown, quantities, 
and the division must take’ place according to the nature of the 
equations which we are able to resolve ; whereas in the second, we 
have nothing to do with the degrees of the equations, as the methods 
are applicable to equations of any degree whatever; but the con- 
cern is with the numerical character of the values of, the unknown 
quantities. - hi. 
T'hese two parts, which constitute the immediate object of the 
The Theory of Calculus of direct functions, are subordinated to a 
equations. third, purely speculative, from which both derive 
their most effectual résources, and which has been very exactly. 
designated by the general name of Theory of Equations, though it 
relates, as yet, only to algebraic equations. ‘The numerical resolution 
of equations has, on account of its generality, special need of this 
rational foundation. d z 
Two orders of questions divide this important department of 
algebra between them ; first, those which relate to the composition 
of equations, and then those that relate to their transformation; the 
business of these last being to modify the roots of an equation with- 
out knowing them, according to any given law, provided this law is 
uniform in relation to all these roots. ! 
One more theory remains to be noticed, to complete our rapid 
exhibition of the different essential parts of tke calculus of direct 
Methodof functions. "l'his theory, which relates to the trans- 
indeterminate formation of functions into series by the aid of what 
Coeficients. ig called the Method of indeterininate Coefficients, is 
one of the most fertile and important in algdbra. This eminently 
analytical method is one of the^most remarkable discoveries of 
Descartes. T'he invehtion and development of the infinitesimal 
calculus, for which it might be very happily substituted in some 
respects, has undoubtedly deprived it of some of its importance ; 
but the growing extension. of the transcendental analysis has, while 
lessening its necessity, multiplied its applications and enlarged its 
resources; so that, by the usefu combination of the two theories, 
the employment of tlie method of indeterminate coefficients has 
become much more extensive than it» was even before the formation 
of the calculus of indirect functions. a } 
I have now completed*my sketch of the Calculus of Direct Func- 
tions, We must next pass on to the more important and extensive 
branch of our science, the Caleulus of Indirect Functions,’ 
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SECTION II. 


TRANSCENDENTAL ANALYSIS, OR CALCULUS OF INDIRECT FUNCTIONS, 


E 
We referred (p. 44) in & former section to the views of the tran- 
scendental analysis presented by Leibnitz, Newton, gure princi- 
and Lagrange. We. shall see that each conception pal views. 
has advantages of its own, that all are finally equivalent, and that no 
method hag yet been found which unites their respective character- 
istics. Wheneyer the combination takes place, it will probably be 
by some method founded on the conception of Lagrange. = The other 
two will then offer only an histdrical interest ; and meanwhile, the 
science must be regarded*as in a merely provisional state, which 
requires the use of all the three conceptions at the same time; for 
it is only by the use of them all that an adequate idea of the analy- 
sis and its applications can be formed. The vast extent and diff- 
culty of this part of mathematics, and its recent formation, should 
prevent our being at all surprised at the existing want of system. 
The conception which will doubtless give a fixed and uniform 
character to the science has come into the hands of only one new 
generation of geometers since its creafion; and the intellectual 
habits requisite to perfect it have not been sufficiently formed. ` 
The first germ of the infinitesimal method (which can be con- 
ceived of independently of the Calculus) may be re- 5, 
bee tad : : y. 
*eognized in the old Greek Method of Lxhaustions, 
employed to pass from the properties of straight lines to those of 
curves. The métho& consisted in substituting for the curve the 
auxiliary consideration of a polygon, inscribed or circumscribed, by 
means of which the curve itself was reached, the limits of the 
primitive ‘ratios Dein suitably taken. There is no doubt of the 
filiation of ideas in this case; but there was in.it no equivalent for 
our modern methods; for the ancients had no logical and general 
means for the determination of these limits, ^whieh was the chief 
difficulty of the question. The task remaining for modern geome- 
ters was to generalize the conception of the ancients, and, consider- 


‘ing it in an abstract manner, to reduce it to a system of calculation, 


which was impossible to them: PS 
__ Lagrange justly ascribes to the gteat geometer Fermat the first; 
idea in this new direction. Fermat may be regarded as having 
initiated the direct formation *of. transcendental» analysis by his 
method for the determination of mazima and, minima, and for the 
finding: Of tangents, in which process he“ introduced auxiliaries 
which he afterwards suppressed as null when the equatious obtained 
had undergone certain suitable transformations. After some modi- 
fications of the ideas of Fermat in the intermediate tinre, Leibnitz 
stripped the process of some complications, and formed the analysis 
VOL. I. x D 
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into a general and distinct calenlus, having its own notation: and 
Leibnitz is thus the creator of transcendental analysis, as we 
employ it now. This pre-eminent discovery was so ripe, as all great 
conceptions are at the hour of their advent, that Newton had at the 
same time, or rather earlier, discovered a method exactly equivalent, 
regarding the analysis from) a different point of view, much more 
logical in itself, but less- adapted than that of Leibnitz to give 
all practicable extent and facility to the fundamental method. 
Lagrange afterwards, discarding the heterogeneous: considerations 
which had euided Leibnitz and Newton, reduced the analysis to a 
purely algebraic system, which only wants ‘more aptitude for appli- 
cation. j 

"We will notice the three methods in their order. 

The method of Leibnitz consists in introducing into the calculus, 

Mrmop or in order to facilitate the establishment of equations, 

LsssUz. — the infinitely small elements or differentials which. 
are supposed to constitute the quantities whose relations we are 
seeking. ‘There are relations between these differentials which are 
simpler and more discoverable than those of the primitive quantities ; 
and by these we may afterwards (through a special calculus employed 
to eliminate these auxiliary. infinitesimals) recur to the equations 
sought, which it would usually have been impossible to obtain directly, 
This indirect analysis may have various degrees of indirectness ; for, 
when there is too much difficulty in forming,the equation between the 
differentials of the magnitudes under notice, a second application 
of the method is required, the differentials being now treated as 
new primitive quantities, and a relation being sought between their 
infinitely small elements, or second differentials! and so on; the 
same transformation being repeated any number of times, provided 
the whole number of auxiliaries be finally eliminated. 

It may be asked by novices in these studies, how these aux- 
iliary quantities can 5e of use while they aie of the same species 
with the magnitudes to be trea‘led, seeing that the greater or less 
value of any quantity cannot affect any inquiry which has nothing 
to do with value at all. he explanation is this. We must begin 
by. distinguishing the different orders of infinitely small quantities, 
obtaining a precise idea of this by considering them as being 
either the successive powers of the same primitive infinitely small 


quantity, or as being quantities which may be regarded as having 


finite ratios with these powers; so that, for instance, the second-or 
third or other differentials of tha same variable are classed as 
infinitely small quantities of the second, third, cr other order, 
because it is easy to exhibit in them finite multiples of the second, 
third, or other powers of a certain first differential. These pre- 
liminary ideas being laid down, the spirit of the infinitesimal 
analysis consists in constantly neglecting the infinitely small 
‘quantities in comparison witk finite quantities; and generally, the 
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infinitely small quantities of any order whatever in comparison with 
i all those of an interior order. We see at once how such a power must 
) facilitate the formation of equations between the differentials of 
quantities, since we can substitute for these differentials such other 
elements as we may choose, and as will be more- simple to treat, 
only observing the condition that the new elements shall differ 
from the preceding onlysby quantities iifinitely small in relation to 
them. It is thus that it becomes possible in geometry to treat 
curved lines as composed of an infinity of rectilinear elements, and 
curved surfaces as formed of plane elements ; and, in mechanics, 
varied motions as an intinite series of uniform motions, succeeding 
each other at infinitely small intervals of time. Such a mere hint 
as this of the varied application*of this method may give some idea 
of the vast: scope of the-conception of transcendental analysis, as 
formed “by Leibnitz. It is, beyond all question, the loftiest idea 
ever yet attained by the human mind. 

It is clear that this conception was necessary to complete the 
basis of mathematical science, by enabling us to establish, in a 
broad and practical manner, the relation of tle concrete to the 
1 abstract. In this respect, we must regard it as the necessary com- 

plement of the great fundamental idea of Descartes on the general 

analytical representation of natural phenomena; an idea which 
could not be duly estimated or put to use till after the formation of 
the infinitesimal analysis. 
This analysis has another property, besides that of facilitating 
- the study of the mathematical laws of all phenomena, and perhaps 
not less important than that. The differential formulas exhibit an 
` extreme generality, expressing in a single equation Generality of 
each determinate phenomenon, however varied may Meg 
be the subjects to which it belongs. ‘Thus, one such equation gives 
` „the tangents of ail cufves, another their rectifications, a third their 
quadratures ; and, i£ the same way, one invariable formula ex- 
presses the matkematical law of al variable motion; and one single 
equation represents the distribution of heat^im any body, and for 
any case, ‘Chis remarkable generality is the basis of the loftiest 
views of the geometers. Thus this analy s has not only furnished 
^ general method for forming equations indirectly which could not 
have been directly discovered, but it has introduced a new order of 
13 more natural laws for our use in the mathematical study of natural 
phenomena, enabling us to rise at times to a perception of positive 
approximations between, classes of wholly different phenomena, 
through the analogies presented by the differential expressions of 
their mathematical laws. In virtue of this second property of the 
analysis, the entire system of an immense science, like geometry or 
mechanics, has submitted to a condensation into a small number 
of analytical formulas, from which the solution of all particular 
problems can be deduced, by invariable rules. 
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This beautiful method is, however, imperfect in.its logical basis, 
Justification of At first, geometers were naturally more intent upon 
the Method. ^ extending the discovery and multiplying its applica- 

tions, than upon establishing the logicai foundation of its processes. 
It was enough for some time to be able to produce, in answer to 
objections, unhoped-for solutions of the most difficult problems. 
It became necessary, however, to recur *o the basis of the new 
analysis, to establish the rigorous exactness of the processes 
employed, notwithstanding their apparent; Ilveaches of the ordinary 
laws of reasoning, Leibnitz himseli-failed to justify his conception, 
giving, when urged; an answer which represented it ‘as a mere 
approximative calculus, the, successive operations ot which might, 
it is evident, admit in augmenting amount of error. Some of his 
successors were satisfied with showing «that its results accorded 
- with those obtained by ordinary algebra, or the geometry of the ` 
ancients, reproducing by these last some solutions which could be 
at first obtained only by the new method. Some, again, demon- 
strated the conformity of the new conception with others; that of 
Newton especially, which was unquestionably exact. This afforded 
a practical justification : but, in a case of such unequalled impor- 
tance, a logical justification is also required,—a direct proof of the 
necessary rationality of the infinitesimal method. It was Carnot 
who furnished this at last, by showing that the method was founded 
on the principle of the necessary compensation of errors. We ean-- 
not say that all the logical scaffolding of the infinitesimal method may 
not have a merely provisional existence, vicious as if is in its nature; 
but, in the present state of our knowledge, Carnot’s principle of the 
necessary compensation of errors is of more importauce, in legitimat- 
ing the analysis of Leibnitz, than is even yet, commonly supposed. 
+118 reasoning is founded on the conception of infinitesimal quantities 
indefinitely decreasing, while those from which they are derived 
are fixed. The infinitely small errors intreiuced with the aux- 
iliaries cannot have occasioned otker than infinitely small errors in 
all the equations ; and when the relations of finite quantities are 
reached, these relations must be rigorously exact, since the only 
errors then possible must.be finite oues, which cannot have entered: 
and thus the final equations become perfect. Cartiot's theory is 
doubtless more subtle than solid; but it has no other radical logical 
vice. than that of the infinitesimal method itself, of which it,is, as 
it seems to me, the-natural development and general explanation : 
so that it must be adopted as long as that method is directly 
employed. m | E 
The philosophical character of the transcendental analysis has 
now been sufficiently exhibited to allow of my giving only the 
principal idea of the other two methods. A . 
NE usa Newton offered his conception under several dif- 
Meruop, ferent forms in succession, That which is now 


‘sive degrees during this motion. ‘Lhe elocity with which e 
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most commonly adopted, at least on the Continent, was called by 
himself, sometimes the Method of prime and ultimate Ratios, some- 
times the Method of Limits, by which last term it is now usually 
known. u 

Under this Method, the auxiliaries introduced' are the limits of 
the ratios of the simultaneous increments of the-  archodof 
primitive quantities; ov, in other wofüs, the final ^ Zimits. 
ratios of these Te s limits or final ratios which we can 
easily show to have 3 determinate and finite value. A special 
calculus, which is the equivalent of the infinitesimal calculus, is 
afterwards employed, tø rise from the equations between these limits 
to the corresponding equations between the primitive quantities 
themselves. » 

The power of easy expression of the mathematical laws of pheno- 
mena given by this analysis arises from the calculus applying, not 
to the increments themselves of the proposed quantities, but to the 


‘limits of the ratios of those increments; and from our being 


therefore able always to substitute for each increment any other 
magnitude more easy to treat, provided their final ratio is the ratio 
of equality; or, in other words, that the limit of their ratio is 
unity. It is clear, iu fact, that the calculus of limits can be in no 
way affected by this substitution. Starting from this principle, we 
find nearly the equivalent of the facilities offered by the analysis 
of Leibnitz, which are merely considered from another point of 
view. Thus, curves will be regarded as the limits of a series of 
rectilinear polygons, and variable motions as the limits of an aggre- 
gaté of uniform motions of continually nearer approximation, etc. 
ete, Such is, ia substance, Newton's conception ; or rather, that 
which Maclaurin and D'Alembert have offered as the most rational 
basis of the transcendental analysis, in the endeavour to fix and 
arrange Newton's ideas on the subject. 

Newton had anctier view, however, which ought to be presented 
here, because i is still the special form of the cal-  Ftuxions and 
culus of indirect functions commonly adopted by Jews. 
English geometers; and also on account of its ingenious clearness 
in some cases, aud of its having furnished the notation best adapted 
to this manner of regarding the transcendental analysis. I mean 
the Calculus of fluxions and of fluentis, founded on the general 
notion of velocities. s R 
s To facilitate the conception of the fundamental idea, let us con- 
ceive of every curve as generated by a point affected by a motion 
varying according to any law whatever. The different quantities 
presented by the curve, the abscissa, the ‘ordinate, the are, the 


area, etè., will be regarded as simultaneously produced by sueces- 
ach one 


^ 


will have been described will be called the fuaion of that quantity, 
which inversely would have been called its fluent. Henceforth, the 
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transcendental analysis will, according to this conception, consist in 
forming directly the equations between the fluxions of the proposed 
quantities, to deduce from them afterwards, by a special Calculus, 
the equations between the fluents themselves. What has just been 
stated respecting curves may evidently be transferred to any magni- 
tudes whatever, regarded, by the help of a suitable image, as some 
being produced by the motion of others. This method is evidently 
the same with that of limits complicated with the foreign idea of 
motion. It is, in fact, only a way of representing, by a comparison 
derived from mechanics, the method of prime and ultimate ratios, 
which alone is reducible to a calculus. It therefore ‘necessarily 
admits of the same general advantages in whe various principal 
applications of the transcendental- analysis, without its being re- 
quisite for us to offer special proofs of this. 

Lagrange’s conception consists, in its admirable simplicity, in 

Lacrance’s considering the transcendental analysis to be a great 

Mertnop, algebraic artifice, by which, to facilitate the establish= 
ment of equations, we must introduce, in the place of or with the 
primitive functions, their derived functions ; that is, according to 
the definition of Lagrange the coefficient of the first term of the 
increment, of each function, arranged according to the ascending 
powers of the increment of its variable. - T'he Caleulus of indirect 
functions, properly so called, is destined here, as well as in the 
conceptions of Leibnitz and Newton, to eliminate these derivatives, 
employed as auxiliaries, to deduce from their relations the corre- 
sponding equations between the primitive magnitudes. ‘The tran- 
scendental analysis is then only a simple, but very considerable 
extension of ordinary analysis. It has long been a common practice 
with geometers to Introduce, in analytical investigations, in the 
place of the magnitudes in question, their different powers, or their 
logarithms, or their sines, etc., in order to simplify the equations, 
and even to obtain them more easily. Succsssive derivation is a 
general artifice of the- same nature, only of greater extent, and 
commanding, in consequence, much more "important resources for 
this common object. . 

But, though we may easily conceive, à priori, that the auxiliary 
use of these derivatives may facilitate. the study of equations, it is 
not easy to explain why it must be so under this method of deriva- 
tion, rather than any other transformation. his is the weak side 
of Lagrange's great idea. We have not yet become able to lay 
hold of its precise, advantages, in an. abstract manner, and without 
recurrence to the other conceptions of the transcendental analysis. 
These advantages can be established only in the Separate consider- 
ation of each principal question; and this verification becomes 
laborious in the treatment of a complex problem. j: 

Other theories have been proposed, such as Euler's Calculus of 
vanishing quantities: but they are merel y modifications of the three 


a 


` processes of the Calculus of indirect functions 
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just exhibited. We must next compare and estimate these 
wethods; and in the first place observe their perfect and necessary 
conformity. 

Considering the three méthods in regard to their destination, in- 
dependently of preliminary ideas, it is clear that they Identity of the 
all consist in the same general logical artifice ; that tree methods. 
is, the introduction of «a certain systém of auxiliary magnitudes 
uniformly correlative with those under investigation ; the auxiliaries 
being substituted for t&e express object of facilitating the analytical 
expression of the mathematical laws of phenomena, though they 
must be finally eliminated by the help of a special calculus. P Tt was 
this which determined me to define the transcendental analysis 
the Calculus of indirect functions, in order to mark its true philo- 
sophical character, while, excluding all discussion about the best 
manner? of conceiving and applying it. Whatever may be the 
method employed, the general effect of this analysis is to bring 
every mathematical question more speedily into the domain of the 
calculus, aud thus to lessen considerably the grand difficulty of the 
passage from the concrete to the abstract. We cannot hope that 
the Calculus will ever lay hold of all questions of natural philosophy 
—geometrical, mechanical, thermological, ete—lrom their birth. 
What would be a contradiction. In every problem there must be a 
certain preliminary operation before the calculus can bé of any use, 
and one which could not by its nature be subjected to abstract and 
invariable rules:—it is that which has for its object the establishment 
of equations, which are the indispensable point of departure for all 
analytical investigations. But this preliminary elaboration has 
Deen remarkably simplified by the creation of the transcendental 
analysis, which has thus hastened the moment at which general and 
abstract processes may be uniformly and exactly applied to the 
solution, by redieing»tlie operation to finding the equations between 
auxiliary magnituds, whence the Calculus leads to equations 
directly relating; to the proposed magnitudes, which had formerly 
to be established directly. Whether these indirect equations 
are differential equations, according to „Leibnitz, or equations 
of limits, according to Newton, or derived equations, accord- 
ing to Lagrange, the general procedure is evidently always the 
sume. ‘Lhe coincidence is not only in the result but in the pro- 
cess ; for the auxiliaries introduced are really identical, being only 
regarded from different: points of view. The conceptions of Leibnitz 
and of Newton consist in making known in any case two general 
necessary properties of*the derived. function of Lagrange. The 
iranscendental analysis, then, examined abstractly and in its prm- 


ciple, is always the same, whatever conception fs adopted ; and the 
are necessarily identical 


fore, under any applica- 
i 


m these different methods, which must there 
tion whatever, lead to rigorously uniform. results. 
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If we endeavour to estimate their comparative value, we shall find 
Their compara- in each of the three conceptions advantages and 
tive value. inconveniences which are peculiar to it, and which 
prevent geometers from adhering to any one of them, as exclusive 
and final. i 
The method of Leibnitz has eminens!y the advantage in the 
rapidity and ease with which it effects the formátion of equations 
between auxiliary magnitudes. We owe to its use the high per- 
fection attained by all the general theories of geometry and mechanics. 
Whatever may be the speculative opinions of geometers as to the 
infinitesimal method, they all employ it in the treatment of any new 
question. Lagrange himself, after having reconstructed the analysis 
on a new basis, rendered a candid aud decisive homage to the con- 
ception of Leibnitz, by employing it exclusively in the whole 
system of his ‘Analytical Mechanics? Such a fact needs no com- 
ment. Yet are we obliged to admit, with Lagrange, that the con- 
ception of Leibnitz is radically vicious in its logical relations. He 
himself declared the notion of infinitely small quantities to be s 
false idea: and it is in fact impossible to conceive of them clearly, 
though we may sometimes fancy that we do. This false idea bears, 
to my mind, the characteristic impress of the metaphysical age of its 
birth and tendencies of its originator. By the ingenious principle 
of the compensation of errors, we may, as we have already seen, 
explain the necessary exactness of the processes which compose the 
method ; but it is a radical inconvenience to be obliged to indicate, 
in Mathematics, two classes of reasonings so unlike, as that the one 
order are perfectly rigorous, while by the others we designedly com- 
mit errors which have to be afterwards compensated. ‘There is 
nothing very logical in this ; nor is anything obtained by pleading, 
as some do, that this method can be made to enter into that of 
limits, which is logically irreproachable. "lhis is eluding the 
difficulty, and not resolving it; and besides, tie advantages of this 
method, its ease and rapidity, arecalmost entirely last under such a 
transformation. Finally, the infinitesimal method exhibits the very 
serious defect of breaking ihe unity of abstract mathematics by 
creating a transcendental analysis founded upon prineiples widely 
different from those which serve as a basis to ordinary analysis. 
This division of analysis into two systems, almost wholly inde- 
pendent, tends to prevent the formation of general analytical con- 
ceptions. "o estimate the consequences duly, we must recur in 
thought to the state of the science before Lagrange had estab- 
lished a general and complete harmony oetween these two great 
sections. A2 ý 
Newton’s conception is free from the logical objections imputable 
to that of Leibnitz. The notion of limits is in fact remarkable for 
its distinctness and precision. The equations are, in this case, re- 
garded-as exact from their origin; and the general rules of reason- 
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ing are as constantly observed as in ordinary analysis. But ib is 
weak in resources, and embarrassing in operation, compared with 
the infinitesimal method. In its applications, the relative inferiority 
of this theory is very strongly marked. It also separates the 
ordinary and transcendental analysis, though not’ so conspicuously 
as the theory of Leibiitz. As Lagrange remarked, the idea of 
limits, though clear anel exact, is not? the less a foreign idea, on 
which analytical theories ought not to be dependent. 

This perfect unity o? analysis, and a purely abstract character in 
the fundamental ideas, are found in the conception of Lagrange, 
and there alone, It is therefore the most philosophical of all. 
Disearding every heterogeneous consideration, Lagrange reduced 
the transcendental analysis to it proper character,—that of present- 
ing a very extensive class of analytical transformations, which 
facilitafe in a remarkable degree the expression of the conditions of 
the various problems. This exhibits the conception as a simple 
extension of ordinary analy: It, is a superior algebra. All the 
different parts of abstract mathematics, till then so incoherent, might 
be from that moment conceived of as forming a single system. 
This philosophical superiority marks it for adoption as the final 
theory of transcendental analysis ; but it presents too many diffi- 
culties in its application, in comparison with the others, to admit 
of its exclusive preference at present. Lagrange himself had great 
difficulty in rediscovering, by his own method, the principal results 
already obtained by the infinitesimal method, on general questions 
in geometry and mechanics; and we may judge by that what 
obstacles would occur in treating in the same way questions really 
new and important Though Lagrange, stimulated by difficulty, 
obtained results in some cases which other men would have 
despaired of, it is not the less true that his conception has thus 
far remained, asa. whole, essentially unsuited to applications. - 

The result of südh a comparison of these three methods is the 
conviction thatg in order to understand the transcendental analysis 
thoroughly, we should not only study it in its principles according 
to all these conceptions, but should accustom ourselves to employ 
them all (and especially the first and last) almost indifferently, in 
the solution of all important questions, whether of the calculus of 
indirect functions in itself, or of its applications. In all the other 
departments of mathematical science, the consideration of diffdrent 
methods for a single class of questions may be useful, apart from 
the historical interest which it presents; but it ig not indispensable. 
Here, on theecontrary, it*is strictly indispensable. Without it n 
can be no philosophical judgment’ of this admirable creation of t re 
human mind; nor any success and facility in the use of this power- 
ful instrument. s 
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THE DIFFERENTIAL AND INTEGRAL CALCULUS, 


The Calculus of Indirect functions is necessarily divided into two 
pats; or rather, it is composed of two distinct cal- 
culi, having the relation of, sonverse action. By the 
one we seek the relations “between the anxiliary magnitudes, by 
means of the relations between the corresponding primitive magni- 
tudes; by the other we seek, conversely, these direct equations by 
means, of the indirect equations first established. This is the double 
object of the transcendental analysis. AN 

Different names have been given to the two systems, according 
lo the point of view from which the entire analysis has been re- 
garded. he infinitesimal method, properly so called, being most 
in use, almost all geometers employ the terms Differential Calculus 
and Integral Calculus established by Leibnitz. Newton, in accord- 
ance with his method, called the first the Calculus of Fluaions, and 
the second the Calculus of Fluents, terms which were till lately 
commonly adopted in England. According to the theory of 
Lagrange, the one would be called the Calculus of Derived Func- 
tions, and the other the Calculus of Primitive Functions. l shall 
make use of the terms of Leibnitz, as the fittest for the formation. 
of secondary expressions, though we must, as has been shown, 
employ all the conceptions concurrently, approaching as nearly as 
may be to that of Lagrange. 

The differential calculus is obviously the rational basis of the 

Their mutual integral. We have seen that ten simple functions 

relations, constitute the elements of our analysis. We cannot 
know how to integrate directly any other differential expressions 
than those produced by the differentiation of those ten functions. 
Che art of integration consists therefore in bringing all the other 
cases, as far as possible, to depend wholly oncjuis small number of 
simple functions. ` k ^ ) 

lt may not be apparent to all minds what can be the proper 
utility of the differential calculus, independently of this necessary 
connection with the integral caleulus, which seems as if it must be 
in itself the only directly indispensable one ; in fact, tlre elimination 
of the Znfinitesimals or the derivatives, introduced. as nuxiliaries, 
being the final object of the calculus of indirect functions, it is 
natural to think that the caleufus which teaches us to deduce the 
equations between the primitive maguitudes from those between the 
auxiliary magnitudes must, meet all the general needs of the tran- 
'scendental analysis, without our seeing at first what special and con- 
stant part the solution of the Inverse question can have in 'such'an 
analysis. A common answer is assigning to the differential calculus 
the office of, forming the differential equations ; but this is clearly 
an error; for the primitive formation of differential equations is not 


D 


Its two Parts. 


THE DIFFERENTIAL AND INTEGRAL CALCULUS. 59 


the business of any calculus, for it is, on the contrary, the point of 
departure of any calculus whatever. The very use of the differential 
calculus is enabling us to differentiate the various equations; and 
it cannot therefore be thé process for establishing them. This 
common error arises from confonnding the infinitesimal caleulus 
with the infinitesimal msthod, which last facilitates the formation 
of equations, in every application of ‘the transcendental analysis. 
The calculus is the indispensable complement of the method; but 
it is perfectly distinct from it. But again, we should much miscon- 
ceive the peculiar importance of this first branch of the calculus of 
indirect functions if we saw in it only a preliminary process, designed 
merely to prepare an" indispensable basis for the integral caleulus. 
‘A few words will show that a pPimary direct and necessary office is 
always assigned to the differential calculus. In forming differential 
eqnatiofis, we rarely restrict, ourselves to introducing Cases of union 
differentially’ only those magnitudes whose relations of the two. 

are sought. It would often be impossible to establish equations 
without introducing other magnitudes whose relations are, or are 
supposed to be, known. Now in such cases it is necessary that the 


' differentials of these intermediaries should be eliminated before the 


equations are fit for integration. ‘This elimination belongs to the 
differential calculus; for it must be dore by determining, by means 
of the equations between the intermediary functions, the relatious 
of their differentials; and this is merely a question of differentia- 
tion. This is the way in which the differential calculus not ouly 
prepares a basis for the integral, but makes it available in a multi- 
tude of cases which could not otherwise be treated. Gases of the 
"here are some questions, few, but highly important, Digerentiat 
which admit of the employment of the differential Calculus alone. 
calculus alone. ‘They are those in which the magnitudes sought 
enter directly, afi not by their differentials, into the primitive dif- 
ferential equations, Which then contain differentially ouly the various 
known functions employed, as we. saw just now, as intermediaries. 
his calculus is here entirely sufficient for the elimination of the | 
infinitesimals, without the question giving rise to any integration. 
There are also questions, few, but highly important, which are the 
converse of the lust, requiring the employment of the Cases of the Ta- 
integral calculus alone. In these, the differential tegral Calculus 
equations are found to be immediately ready for i 
integration, because they contain, at their first formation, only the 
infinitesimals which relate to the* functions sought, or to the really - 


independent variables, without the introduction, differentially, of any 
intermediaries being required. If intermediary functions ave intro- 
nd not by their 


duced, they will; by the hypothesis, enter directly, anc DAS 

differentials; and then, ordinary algebra will serve. for their elimi- 
nation, and to bring the questión to depend on the integral calculus 
only. The differential calculus is, in such cases, not esseritial to the 


s 
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solution of the problem, which will depend entirely on the integral 
calculus. ‘Thus, all questions to which the analysis is applicable 
aré contained in three classes, The first class comprehends the 
problems which may be resolved by thé differential calculus alone. 
The second, those which may he resolved by the integral calculus 
alone. These are only exceptional; the third constituting the nor- 
mal case; that iu which thé differential and integral calculus have 
each a distinct and necessary part in the solution of problems. 
i i 


The Differential Calculus. 


The entire system of the differential calculus is simple and 
perfect, while the integral calculus remains extremely imperfect. 

We have nothing to do here with the applications of either cal- 

The Diferen- culus, which are quite a different study from that 

tial Calculus. of the abstract principles of differentiation and inte- 
gration. The consequence of the common practice of confounding 
these principles with their application, especially in geometry, is 
that it becomes difficult to conceive of either analysis or geometry. 
It is in the department of Concrete Mathematics that the applica- 
tions should be studied. 

The first division of the differential calculus is grounded on the 


Two portions, COndition whether the functions to be differentiated 


equations. This classification is rendered necessary by the imper- 
fection of ordinary analysis; for if we knew hoi to resolve all 
equations algebraically, it would be possible to render every implicit 
function explicit ; and, by differentiating it only in that state, the 
second part of the differential calculus would" be immediately 
included in the first, without giving rise to arfy new difficulty. "But 
the algebraie resolution of equations is, as we know, still scarcely 
past its infancy, and unknown for the greater number of cases ; and 
we have to differentiate a function without knowing it, though it is 
determinate. "hus we have two classes of questions, the differen- 
tiation of implicit functions being a distinct case from that of explicit 
functions, and much more complicated. We have to begin by the 
differentiation of formulas, and ‘we may then refer to this first case 
the differentiation of equations, by certain analytical considerations 
which we are nof, concerned with bere. There is another view in 
which the two general cases of differentiation are distinct, The 
relation obtained between the differentials is always more indirect, 
in comparison with that of the finite quantities, in the differentiation 


of implicit, than in that of éxplicit functions. We shall meet with’ 


this consideration in the case of the integral calculus, where it 
acquires a preponderant importance. 


¢ 


are explicit ov implicit ; the one giving rise to the - 
differentiation of formulas, and the other to the differentiation of: 
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Each of these parts of the differential calculus is again divided : 
and this subdivision exhibits two very distinct theories, 
according as we have to differentiate functions of a 
single variable, or functions of several independept variables—the 
second branch being of far greater complexity than the first, in the 
case of explicit fynctions, and much more in that of. implicit. One 
more distinction remains, to complete this brief sketch of the paris 
of the differential calculus. ‘Lhe case in which it is required to dif- 
ferentiate at once different implicit functions combined in certain 
primitive equations must be distinguished from that in which all 
these functions, are separate. The same imperfection of ordinary 
analysis which prevents our converting every implicit function into 
an equivalent explicit one, renders us unable to separate the func- 
tions which enter simultaneously into any system of equations; and 
the funétions are evidently still more implicit in the case of com- 
bined than of separate functions : and in differentiating, we are not 
only unable to resolve the primitive equations, but even to effect the 
proper elimination among them. - 

We have now seen the different parts of this calculus in their 
natural connection and rational distribution, The Reduction to 
whole calculus is finally found to rest upon the dif- te elements, 
ferentiation of explicit functions with & single variable—the only 
one which is ever executed directly. Now, it is easy to understand 
that this first theory, this necessary basis of the whole system, simply 
consists of the differentiation of the elementary functions, ten in 

* number, which compose all our analytical combinations; for the 
differentiation of compound functions is evidently deduced, imme- 
diately and necéssar?ly, from that of their constituent simple func- 
tions, We find, then, the whole system of differentiation reduced 
to the knowledge of the ten fundamental differentials, and to that 
of the two gener&l principles, by one of which the differentiation of 
implicit functions i$ deduced from that of explicit, and by the other, 
the differentiation of functions of Several variables is reduced to that 
of functions of a single variable. Such is the simplicity and per- 
fection of tlie system of the differential calculus. 3 A 

The transformation of derived Functions for new variables is a 
theory which’ must be just mentioncd, to avoid the TE 
omission of an indispensable complement of the sys- tion of derive 
iem of differentiation. It is as firfishéd and perfect Function UN 
asthe other parts of this calculus; and its great impor- 
tance is in its increasing our resources by permisting us to choose; 
to facilitate the formation of differential equations, that an 
of independnet variables which may appear to bo most ad ad 
_tageous, though it may afterwards be relinquished, as an Inter 
mediate step, by which, through thi$ theory, we may pass to 
the final system, which sometimes could not have been cot:sidered 


directly. A 


Subdivisions. 
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Though we cannot here consider the concrete applications of this 

Analytical Calculus, we must glance at those which are analy- 

applications. tical, because they are of the same nature with the 
theory, and should be looked at in connection with it.. These ques- 
tions are reducible to three essential ones., First, the development 
iuto series of functions of one or more varfibles ; Qr, more generally, 
the transformation of functions, which constitutes the most beautiful 
and the most important application of the; differential calculus to 
general analysis, and which comprises, besides the fundamental series 
discovered by Taylor, the remarkable series discovered by Maclaurin, 
John Bernouilli, Lagrange, and others. Secondly, the general theory 
of maxima aud minima values for any functions whatever of one or 
more variables: one of the most interesting problems that analysis 
can present, however elementary it has become. The third is the 
least important of the three :—it is the determination of the true 
value of functions which present themselves under an indeterminate 
appearance, for certain hypotheses made on the valucs of the corre- 
sponding variables. In every view, the first question is the most 
eminent ; it is algo the most susceptible of future extension, especi- 
ally by conceiving, in a larger manner than hitherto, of the employ- 
ment of the differential calculus for the transformation of functions, 
about which Lagrange left some valuable suggestions which have 
been neither generalized nor followed up. 

It is with regret that I confine myself to the generalities which 
are the proper subjects of this work; so extensive and so interesting 
are the developments which might otherwise be offered. Insufficient “ 
and summary as are the views of the Differential Calculus just 
offered, we must be no less rapid in our sutvey of the Integral 


, Caleulus, properly so called; that is, the abstract subject of inte- 
gration, 


9 o 
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* The Integral Calculus. 4 


a 
The division of the Integral Calculus, like that of the Differential, 

The Integra proceeds on the principle of distinguishing the inte- 
Calculus. gration of explicit differential formulas from the in- 
tegration of implicit differentials, or of differential equations. The 
Its divisions, Separation of these two cases is even more radical in 

the case of integration than in the other. Ta the 

differential calculus this distinction rests, as we have: seen, only on 
the extreme imperfection of ordinavy analysis. But, on the other 
hand, it is clear that even if all equations could bé: algebraically 
resolved, differential equations would nevertheless constitute a case 
of integration altogether distinct from that presented by explicit. 
differential formulas, Their integration is necessarily more com- 
- plicated’ thin that of explicit differentials, by the elaboration of 
which the integral calculus was originated, and on which the others 
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lave been made to depend, as far as possible. All the various 
analytical processes hitherto proposed for the integration of differen- 
tial equations, whether by the separation of variables, or the method 
of multipliers, or other meahs, have been designed to reduce these 
integrations to those of differential formulas, the only object which 

. can be directly undertakia. Unhappily, iiperfect as is this neces- 
sary basis of the wholé integral calctilus, the art of reducing to 
it the integration of differential equations is even much less 
advanced. 

As in the case of the differential calculus, and for analogous 
reasons, each of these two branches of the integral m 
caleulus is divided again, according as we consider Raab 
functions with a single variable dr functions with several indepen- 
dent variables. "This distinction is, like the preced- — One variable, 
ing, evén more important for integration than for or several. 
differentiation. ‘Lhis is especially remarkable with respect to differ- 
ential equations. In fact, those which relate to several independent 
variables may evidently present this characteristic and higher diffi- 
culty—that the function sought may be differentially defined by a 
simple relation between its various special derivatives with regard 
to the different variables taken separately. ‘Thence results the 
most difficult, and also the most extended branch of the integral 
calculus, which is commonly called the Integral Calculus of partial 
differences, crented by D'Alembert, in which, as Lagrange truly 
perceived, geometers should have recognized a new calculus, the 

+ philosophical character of which has not yet been precisely decided. 
This higher branch of transcendental analysis is still entirely in its 
infancy. In thé very simplest case, we cannot completely reduce 
the integration to that of the ordinary differential equations. - 

A new distinction, highly important here, though not in the 
differential calculus, where it is a mistake to insist Orders of | 
upon it, 1s drawn fio the higher or lower order of differentiation. 
the differentials: We may regard this distinction ag a subdivision 
in the integration of explicit or implicit differentials. With regard 
to explicit differentials, whether of one variable or of several, the 
necessity of distinguishing their different orders is occasioned merely 
by the extreme imperfection’ of the integral calculus; and, with 
reference to implicit differentials, the distinction of orders is more 
impostant still. In the first case, we know so little of integration 
of even the first order of differential formulas, that differential 
formulas of a high order produce new difficulties in arriving at the 
primitive function whiel? is our object. And in the spem 
there is the additional difficulty thàt the higher order of the diber- 
ential équations necessarily gives rise to questions © a new kind. 

` The higher the order of differential equations, the more implicit, are 

be made to depend on 


the cases which they present; and they can l 2 
ich ol uL : i vestigntion of which, in 


"euch other only by special methods, the in 
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consequence, forms a new class of questions, with regard to the 
simplest cases of which we as yet know next to nothing. 

The necessary basis of all other integrations is, as we see from 
the foregoing considerations, that of explicit differential formulas of 
the first order and of a single yariable; and we cannot succeed in 
effecting other integrations but by reduéing them to this elementary 
case, which, ts the only one capable of being treated 
directly. This simple fundamental integration, often 
conveniently called quadratures, correspotds in the differential 
calculus to the clementary case of the differentiation of explicit 
functions of a single variable. But the integral question is, by its 
nature, quite otherwise complicated, and mucli more extensive than 
the differential question. We have seen that the latter is reduced 
to the differentiation of ten simple funetions, which furnish the 
elements of analysis; but the integration of compound fiinctions 
does not necessarily follow from that of the simple functions, each 
combination of which may present special difficulties with respect 
to the integral calculus. “Hence the indefinite extent and varied 
complication of the question of quadratures, of which we know 
scarcely anything completely, after all the efforts of analysts. 

The question is divided into the two cases of algebraic functions 
Alseraic and transcendental functions. The algebraic class is 
Junctions. — (he more advanced of the two. In relation to irra- 

tional functions, it is true, we know scarcely anything, the integrals 
of them having been obtained only in very restricted cases, and 
particularly by rendéring them rational. ‘The integration, of 
rational functions is thus far the only theory of this calculus which 
has admitted of complete treatment ; and thusit forms, in a logical 
point of view, its most satisfactory part, though it is perhaps the 
least important. Even here, the imperfection of ordinary analysis 
usually comes in to stop the working of the thedty, by which the 
Integration finally depends on the algebraic solution of equations ; 
and thus it is only is. what coucerns integration viewed in an 
abstract manner that even this limited case is resolved. And this 
gives us an idea of the extreme imperfection of the integral calcu- 
Pranscendentat lus. The case of the integration of transcendental 
functions. functions is quite in its infancy as yet, as regards 
either exponential, logarithmic, or circular functions. Very few 
casés of these kinds have been treated; and though the simplest 
have been chosen, the necessary calculations are extremely labo- 
rions. 4 ^ : ‘ 
The theory of Singular Solutions (sonietimes called Particular 
Singular Solutions), fully developed by Lagrange in -hig Qal- 
Solutions. — culus of Functions, but not yet duly appreciated by 


Quadratures. 


geometers, must be noticed here, on account of its logical perfection 


and the extent of its applications. This theory forms implicitly 
a portion of the general theory of the integration of differential 


e 
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equations ; but I have left it till now, because it is, as it were, out- 
side of the integral calculus, and I wished to preserve the sequence 
of its parts. Clairaut first observed the existence of these solutions, 
and he saw in them a paradox of the integral calculus, since they | 
have the property of satisfying the differential equations without 
being comprehended in fhe corresponding general integrals. La- 
grange explained ihis pa/adox by showing how such solutions are 
always derived from the general integral by the variation of the 
arbitrary constants. — This theory has a character of perfect gener- 
ality ;.for Lagrange has given invariable and very simple processes 
for finding the singular ‘solution of any differential equation which 
admits of it; afid, what is very remarkable, these processes require 
no integration, consisting only o$ differentiations, and being there- 
fore always applicable. ‘2hus has differentiation become, by a 
happy attifice, a means of compensating, in certain circumstances, 
for the imperfection of the integral calculus. 

One more theory remains to be noticed, to complete our review 
of that collection of analytical researches which con- Definite 
stitutes the integral calculus. It takes its place out- .  niezats. 
side of the system, because, instead of being destined for true 
integration, it proposes to supply the defect of our ignorance of 
really analytical integrals, I refer tothe determination of defi- 
nite integrals. These definite integrals are the values of the 
required functions for certain determinate values of the correspond- 
ing variables. The use of these in transcendental analysis corre- 
sponds to the numerical resolution of equations in ordinary analysis. 
Analysts being usually unable to obtain the real integral (called in 
opposition the general or indefinite integral), that is, the function 
which, differentiated, has produced the proposed differential for- 
mula, have been driven to determining, at least, without knowing ` 
this function, the particular numerical values which it would take 
on fissigning certafüPdeclared values to. the variables. This is 
evidently resolving the arithmetieal question without having first 
resolved the corresponding algebraic one, which is generally the. 
most important ; and such an analysis is, by its nature, as imperfect 
as that of the numerical resolution of equations. Inconveniences, 
logical and practical, result from such a confusion of. arithmetical 
and algebraic considerations. But, under our inability to obtain 
the trye integrals, it is of the utmost importance to have been able 


-io.obtain this solution, incomplete and insufficient as it is. This 


has now been attained for all cases, the determination of the value 
of definite integrals having been reduced to entirely general methods, 
which leave nothing to be desired, in many eases, but less complexity 
in the calculations; an object to which analysts'are now directing 
all their special transformations. This kind of transcendental 
arithmetic being considered perfect, the difficulty in its applications 
is reduced to making the proposed inquiry finally depend only on a 
VOL. I. E 
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. simple determination of definite integrals ; a thing which evidently 
cannot be always possible, whatever analytical skill may be em- 
ployed in effecting so forced a transformation. 

We have now. seen that while the differential calculus constitutes 


Prospects of — by its nature a limited and perfect system, the integral , 


the Integrat calculus, or the simple sulject of integration, offers 

GET inexhaustibly scope for thh activity of the human 
mind, independently of the indefinite applications of. which tran- 
scendental analysis is evidently capable. he reasons which con- 
vince us of the impossibility of ever achieving the general resolution 
of algebraic equations of any degree whatever, are yet more decisive 
against our attainment of a single method of integration applicable 
to all cases. “It is,” said Lagrange, “ one of those problems whose 
general solution we cannot hope for" ‘Che more we meditate on 
the subject, the more convinced we shall be that such a research is 
wholly chimerical, as transcending the scope of our understanding, 
though the labours of geometers must certainly add in time to our 
knowledge of integration, and create procedures of a wider generality, 
The transcendental analysis is yet too near its origin, it has too 
recently been regarded in a truly rational manner, for us to have 
any idea what it may hereafter become. But, whatever may be 
our legitimate hopes, we must ever, in the first place, consider the 
limits imposed by our intellectual constitution, which are not the 
less real because we cannot precisely assign them. 

I have hinted that a future augmentation of our resources may 
probably arise from a change in the mode of derivation of the 
auxiliary quantities introduced to facilitate the establishment of 
equations, Their formation might follow a mvltitude of other 
laws besides the very simple relation which has been selected, 
^l discern here far greater resources than in urging further our 
present calculus of indirect functions; and I ar persuaded that 
when geometers have exhausted the most imr. tant applications of 
our present transcendental analysis, they will turn their attention in 
this direction, instead of straining after perfection where it cannot 
be found. I submit this view to geometers whose meditations are 
fixed on the general philosophy of analysis. 

As for the rest, though I was bound to exhibit in my summary 
exposition the state of extreme imperfection in which the infegral 
calzulus still remains, it would, be entertaining a false idea of the 
general resources of the transceiidental analysis to attach too' much 
importance to this consideration, As in ordinary analysis, we find 
here that a very small amount of fundamental knowledge respecting 
the resolution of equations is cf inestimable use. However little 
advanced geometcrs are as yet in the science of integrations, they 
have nevertheless derived from their few abstract notions the solution 


of a multitude of questions of the highest importance in geometry, | 


mechanics, thermology, etc. ‘The philosophical explanation of this 
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double general fact is found in the preponderating importance and 
scope of abstract science, the smallest portion of which naturally 
corresponds to a multitude ef concrete researches, Man having no 
other resource for the successive extension of his ivtellectual means 
than in the contemplatici of idease more and more abstract, and 
nevertheless positive,  — |^ c 


e 


Calculus of Variations. 


By his Calculus or Method of Variations, Lagrange improved 
the capacity of the transcendenta} analysis for the establishment of 
equations in the most difficult problems, by considering a class of 
equationg still more indirect than differential equations properly 50 
called. It is still too near its origin, and its applications have been 
too few, to admit of its being understood by a purely: abstract 
account of its theory ; and it is therefore necessary to indicate briefly 
the special nature of the problems which lave given rise to this 
hyper-transcendental analysis. 

These problems are those which were long known by the name of 
Tsoperimetrical Problems ; a name which is truly - :prostenaptetng 
applicable to only a very small number of them. rise to this —— 
hey consist in the investigation of the mazima sind noone, 
minima, of certain indéterminate integral formulas which express the 
analytical law of such or such a geometrical or mechanical pheno- 
“menon, considered independently of any particular subject. $ 

In the ordinary theory of maxima and minima, we seek, with 
regard to a given function of one or more variables, what particular 
values must be assigned to these variables, in order that the . 
corresponding value of the proposed function may be a maximum 
or a minimum with easpect to those values which immediately pre- 
cede and follow it:—that is, we inquire, properly speaking, at what 
instant the function ceases to increase in order to begin to decrease, 
or the reverse. The differential calculus fully suffices, as we know, 
for the general resolution of this class of questions, by showing that 
the values of the different variables which suit either the maximum 
or minimum must always render null the different derivatives of the 
first order of the given function, taken separately with relation 40 
each irflependent variable ; and by iadicating moreover a character 
suitable for distinguishing the maximum from the miuimum, which 
consists, in the case of a function of a single variable, for example, 
in the derived function of the second order taking a negative value 
for the maximum and a positive for the minimum. Such are the 
fundamental conditions belonging to the majority of cases ; and 
where modifications take place, they are equally subject to invariable, 
though more complicated abstract rules. 

The construction of this general theory having destroyed the 
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chief interest of geometers in this kind of questions, they rose 
almost immediately to the consideration of a new order of problems, 
at once more important and more diffienlt,—those of zsoper?imeters. 
It was then nc longer the values of the variables proper to the 
maximum or the minimum vf a given’ function that had to be 
determined. It was the ferm of the function itsalf that had to be 
discovered, according to the condition of tlie maximum or minimum 
of a certain definite integral, merely indicated, which depended on 
that function. We cannot here follow the history of these problems, 
the oldest of which is that of the solid of least resistance, treated by 
Newton in the second book of the ‘ Principia, in which he deter- 
mines what must be the meridian curve of a solid of revolution, in 
order that the resistance experienced by that body in the direction 
of its axis may be the least possible. “Mechanics first furnished 
this new class of problems; but it was from geometry that the 
subjects of the principal investigations were afterwards derived. 
They were varied and complicated almost infinitely by the labours 
of the best geometers, when Lagrange reduced their solution to 
an abstract and entirely general method, the discovery of which 
has checked the. eagerness of geometers about such an order of 
researches. k 

It is evident that these problems, considered analytically, consist 
in determining what ought to be the form of a certain unknown 
function of one or more variables, in order that such or such an 
integral, dependent on that function, may have, within assigned 
limits, a value which may be a maximum or a minimum, with 
regard to all those which it would take if the required function had 
any other form whatever. In treating these problems, the predeces- 
sors of Lagrange proposed, in substance, to reduce them to the ordi- 
nary theory of maxima and minima, But they proceeded by apply- 
ing special simple artifices to each case, not reducible to certain 
rules; so that every new question reproduced analogous difficulties, 
without the solutions previously obtained being of any essential aid. 
The part common -to all questions of this class had not been dis- 
covered ; and no abstract and general treatment was therefore pro- 
vided, In his endeavours to bring all isoperimetrical problems to 
depend on a common analysis, Lagrange was led to the conception 
o: a new kind of differentiation ; and to these new Differentials he 
gave the name of Variations. * They consist of the infinitely small 
increments which the integrals receive, not in virtue of analogous 
increments on the part of the corresponding variables, as in the 
common transcendental analysis, but by supposing?that the form 
of the function placed under the sigu of integration undergoes an 
infinitely small change. This abstract conception once formed, 
Lagrayge was able to réduce with ease, and in the most general 
manner, all the problems of isoperimeters to the simple common 
theory of maxima and minima. 
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Important as is this great and happy transformation, and though 
the Method of Variations had at first no other object Other appli- 
than the rational and general resolution of isoperi- cations. 
metrical problems, we shofild form a very inadequate estimate of 
this beautiful analysis if ‘ve supposed it restricted tô this application. 
In fact, the abstract conception of fwo distinct natures of differen- 
tiation is evidently applicable, not only £o the cases for which it was 
created, but for all which present, for any reason whatever, two 
different ways of making the same magnitudes vary. Lagrange 
himself made an immense and all-important application of his Cal- 
culus of Variations, in his * Analytical Mechanics,’ by employing 
it to distinguish the two sorts of changes, naturally presented by 
questions of rational Mechanics éor the different points we have to 
consider, according as we compare the successive positions occupied, 
in virtue of its motion, by the same point of each body in two con- 
secutive instants, or as we pass from one point of the body to another 
in the same instant. One of these comparisons produces the common 
differentials ; the other occasions variations which are, there as else- 
where, only differentials taken from a new point of view. It is in 
such a general acceptation as this that we must conceive of the 
Calculus of Variations, to appreciate fitly the importance of this 
admirable logical instrument; the mostepowerful as yet constructed 
by the human mind. 


This Method being only an immense extension of the general 


{ranscendental analysis, there is no need of proof that it admits of 
"mary points of view allowed 


being considered under the different pr f 
by the calculus of indirect functions, asa whole. Lagrange invented 
e with the infinitesimal con- 


the calculus of Variations in accordance wit 
ception, properly so called, and even some time before he undertook 


the general reconstruction of the transcendental analysis. When 
he had effected that important reform, he easily showed how appli- 
cable it was to the &izeulus of variations, which he exhibited with all 
suitable development, according to his theory of derived functions. 
But the more difficult in the use the method of variations is found to 
be, on account of the higher degree of abstraction of the ideas con- 
sidered, the more important it is to husband the powers of our minds 
in its application, by adopting the most direct and rapid analytical 
conception, which is, as we know, that of Leibnitz. Lagrange himself 
therefore constantly preferred it in the important use which he níade 
of. the calculus, of variations in his ‘ Analytical Mechanics.’ ‘There 
is not, in fact, the slightest hesitation about this among geometers. | 
In the section on the Integral Calculus, I noticed D'Alembert's 
creation of the Calculus of partial differences, 10 Relation to 
which Lagrange recognized a new calculus. this the ordenary 
new elementary idea in transcendental analysis,— the Caer 
notion of two kinds of increments, distinct and jndependentrof each 
other, which a function of two variables may receive in virtue of the 
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cliange of each variable separately,—seems to me to establish a 
natural and necessary transition between the common infinitesimal 
calculus and the calculus of variations. D'Alembert's view appears 
to me to approximate, by its nature, very nearly to that which serves 
as a general basis for the Method of Variations. This last has, 
iu fact, donenothing more than transfer to the independent variables 
themselves the view already adopted for tlie functions of those vari- 
ables ; a process which has remarkably extended its use. A recogni- 
tion of such a derivation as this for the method of variations may 
exhibit its philosophical character more clearly and simply ; and 
this is my reason for the reference. : 

The Method of Variations presents itself to us'as ihe highest 
degree of perfection which the analysis of indirect functions has yet 
attained. We had before, in that analysis, a powerful instrument 
for the mathematical study of natural phenomena, inasmuch as it 
introduced the consideration of auxiliary magnitudes, so chosen as 
that their relations were necessarily more simple and easy to obtain 
than those of the direct magnitudes. But we had not any general 
and abstract rules for the formation of these differential equations ; 
nor were such supposed to be possible. Now, the Analysis of. 
Variations brings the actual establishment of the differential equa- 
tions within the reach of-the Caleulus; for such is the general 
effect, in a great number of important and difficult questions, of the 
varied equations, which, still more indirect than the simple differ- 

, ential equations, as regards the special objects of the inquiry, are 
more easy to form: and, by invariable and complete analytical 
methods, employed to eliminate the new order of auxiliary infini- 
tesimals introduced, we may deduce those ordinary differential 
equations which we might not have been able to establish directly. 
The Method of Variations forms, then, the most sublime part of 
that vast system of mathematical analysis, which; setting out from 
the simplest elements, of algebra, organizes;iby an uninterrupted 
succession of ideas, general methods more and ‘nore potent for 
the investigation of natural philosophy. This is incomparably the 
noblest and most unquestionable testimony to the scope of the human 
intellect. If, at the same time, we bear in mind that the employ- 
ment of this method exacts the highest known degree of intellectual 
exertion, in order never to lose sight of the precise object of the 
investigation in following reasonings which offer to the mind such 
uncertain resting-places, and in which signs are of scarcely any 
assistance, we shall understand how it may be that so little use has 
been made of such a conception by any philosophers but Lagrange. 

We have now reviewed Matliematical analysis, in its bases and 
in its divisions, very briefly, but from a philosophical point^of view, 

neglecting those conceptious only which are not organized with the 
great whole, or which, if urged to their limit, would be found to 
merge in some which have been examined. I must next offer a 


| 


END OF ABSTRACT MATHEMATICS. 70 


similar outline of Concrete Mathematics. My particular task will 

be to show how,—supposing the general science of the Calculus 

to be in a perfect state, —it has been possible to reduce, by: invari- 

. able procedures, to pure questions of analysis, all the problems o£ 

I Geometry and MrcHargz6s; and thus to invest^these two great 

| bases of natural philosophy with that precision and unity which can 
only thus be attained, aud which consti(ute high perfection. 
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. CHAPTER III. 
GENERAL VIEW OF GEOMETRY. 


We have seen that Gromerny is a true natural science ;—only more 
simple, and therefore more perfect:than any other. We must not 
suppose that, because it admits the application of 
mathematical analysis, it is therefore a purely logical 
science, independent of observation, Every body studied by geo- 
meters presents some primitive phenomena which, not being dis- 
coverable by reasoning, must be due to observation alone. 

The scientific eminence of Geometry arises from the extreme 
generality and simplicity of its phenomena, If all the parts of the 
universe were regarded as immovable, geometry would still exist ; 
whereas, for the phenomena: of Mechanics, motion is required. Thus 
Geometry is the more general of the two, It is also the more simple, 
for its phenomena are independent of those of Mechanics, while 
mechanical phenomena are always complicated with those of geo- 
metry. The same is true in the comparison of abstract thermology 
with geometry. For these reasons, geometry holds the first place 
under the head of Concrete Mathematics. -i 

Instead of adopting the inadequate ordinary account of Geometry, 

Definition, that it is the science of extension, I am disposed to 

` give, as a general descriptiort of ‘it, that it is the 
science of the measurement of extension. Eve this does not include 
all the operations of geometry, for there are many investigations 
which do not appear to have for their object the measurement, of 
extension. But regarding the science in its leading questions as 
a whole, we may accurately say that the measurement of lines, of 
surfaces, and of volumes, is the invariable aim,—sonietimes direct, 
though oftener indirect, —of geometrical labours, 

Lhe rational study of geomctry could never have begun_if we 
must have regarded at once and together all the phy- 
sical properties of bodies, together with their magni- 
tude and form. By the character of our minds we ara able to think 
of the dimensions and figure of a body in an abstract way. After 
observation has shown us, for instance, the impression left By a body 
on a fluid in which it has been placed, we are able to retain an 
image òf the impression, which becomes a ground of geometrical 
reasoning, We thus obtain,—apart from all metaphysical fancies, 


Its nature. 


Idea of Space. 
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| —an idea of Space. his abstraction, now so familiar to us that 
| we cannot conceive the state we should be in without it, is perhaps 
j the earliest philosophical creation of the human mind. 

There is another abstyaction which musi be made before we can 
enter on geometrical scionce. We must conceive of ^  xindsof 
three kinds of extension; and learn to conceive of extension. 
them separately. We cannot conceive of any space, filled by any 
object, which has not at once volume, surface, and line. Yet geo- 
metrical questions often relate to only two of these ; frequently only 
to one. Even when all three are to be finally considered, it is often 
necessary, in order to avoid complication, to take only one at a time. 
his is the second abstraction which if is indispensable for us to 
practise, — to think of surface and line apart from volume; and 
again, of line apart from surface. We effect this by thinking of 
volume às becoming thinner and thinner, till surface appears as the 
thinnest possible layer or film: and again, we think of this surface 
becoming narrower and narrower, till it is reduced to the finest 
imaginable thread ; and then we have the idea of a line. Though 
we cannot speak of a point as a dimension, we must have the abstract 
jdea of that too; and it is obtained by reducing the line from one 
end or both, till the smallest conceivable portion of it is left. This 
point indicates, not extension, of course, but position, or the place 
of extension. Surfaces have clearly the property of cireumseribing 
volumes ; lines, again, circumscribe surfaces ; and lines, once more, 
are limited by points. 

The Mathematical meaning of measurement is simply the finding 
the value of the ratios between any homogeneous Geometrical 
magnitudes : but geometrically, the measurement ig measurement. 
| always indirgct. The comparison of two lines is direct ; that of two 

‘yo volumes can never be direct. One line may be con- 
e laid tporr another: but one volume cannot be conceived 
nor one surface upon another, with any 

The question iss then, how to measure 


> 


ceived to 
of as laid upon aozer, 
conveyience or @xactness. 


- surfgtes and volumes. y 
Thatever be the form of a body, there must always be lines, the 


Aghgth of which will define the magnitude of the sur- —azeasurement 
hee orvolunfe. It is the business of geometry to use of surfaces and 


these lines, directly measurable as they. are, for the aes of 
ascertainment of the ratio of the surface to the unity of surfacs e 
n brief, 


the volume to the unity of volume, as either may be sought. 

the object is to reduce all comparisons of surfacesor of volumes to 
simple comparisons of lines. Extending the process, we find the 
possibility of reducing to questions of lines all questions relating to 
surfaces and volumes, regarded in relation to their magnitude. It 
js true that when the rational method becomes too complicated and 
difficult, direct comparisons of surfaces and volumes ane enfployed : 
but the procedure is not geometrical. In the same way, the con- 
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sideration of weight is sometimes brought in, to determine volume, 
or even surface ; but this device is derived from mechanics, and has 
nothing to do with rational geometry, . 

In speaking of the direct measurement of.lines, it is clear that right 
Of curved — lines are meant... When we consider curved lines, it 
lines. is evident that their measurement, must be indirect, 

since we cannot conceive pf curved lines being laid upon each other 
with any precision or certainty. The procedure is first to reduce 
the measurement of curved to that of right lines ; and consequently 
to reduce to simple questions of right lines all questions relating to 
the magnitude of any curves whatever, In every curve, there always 
exist certain right lines, the length of which must determine that 
of the curve ; as the length of thé radius of a circle gives us that 
of the cireumference ; and again, as the length of an ellipse depends 
‘on that of its two axes. i 

Thus, the science of Geometry has for its object the final reduc- 
tion of the comparisons of all kinds of extent to comparisons of right 
lines, which alone are capable of direct comparison, and are, more- 
over, eminently easy to manage. 

I must just notice that there is a primary distinct branch of 
Geometry, exclusively devoted to the right line, on accounti of 
occasionable insurmountable difficulties in making the direct com- 
parison ; its object is to determine certain right lines from others 
by means of the relations proper to the figures resulting from 
their assemblage. T'he importance of this is clear, as no ques- 


lion could be solved if the measurement of right lines, on which“ 


every other depends, were left, in any case, uncertain. "Phe natural 
order of the parts of rational geometry is therefore, first the geometry 
of line, beginning with the right line; then the geometry of sur- 
Jaces; and, finally, that of volumes. 
The field of geometrical science is absolutely unbounded. There 
Tts limit. may keras many questions as^there are conceivable 
able field. figures ? and the Variety of conceivable figures is in- 


finite. As to curved Lines, if we regard them as generated by the» 


motion of ‘a point governed by a certain law, we cannot limit their 
number, as the variety of distinct conditions is nothing short of 
infinite; each generating new ones, and those again others. Sur- 
faces, again, are conceived of as motions of lines; and they not only 
partake of the variety of lines, Kut have another of their own, evising 
from the possible change of nature in the line. There canbe 
nothing like this-in lines, as points cannot describe a figure. Thus, 
there is a double set of conditions under "which the ‘gures of sur- 
faces may vary: and wé may say that if lines have one infinity of 
possible change, surfaces have two. As for Volumes, they are 
distinguished from one another only by the surfaces which bound 
them ; ‘so that they partake of the variety-of surfaces, and need no 
Special consideration under this head. . If we add: the one further 


been the only one known ;—viz., the equidistance o 


> 


accurately conveyed. £ 
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remark, that surfaces themselves furnish a new means of conceiving 
of new curves, as every curve may be regarded as produced by the 
intersection of two surfaces, we shall perceive that, starting from a 
narrow ground of obseryation, we can obtain an absolutely infinite 
variety of forms, and therefore an jllimitable field for geometrical 
science. a di: 

. The connection between abstract and qoncrete geometry is eslab- 
lished by the study of the properties of lines and sur- Properti 
faces. Without multiplying in this way our means of mscr 4 
recognition, we should not know, except by accident,  S"rfaces. 
how to find in nature thé figure we desire to verify. Astronomy was 
recreated by Kepler's discovery that the ellipse was the curve which 
the planets describe about the sun, and the satellites about their 
planet. ‘This discovery could never have been made if geometers 
had known no more of the ellipse than as the oblique section of a 
circular cone by a plane. All the properties of the conic sections 
Drought out by the speculative labours of the Greek geometers, were 
needed as preparation for this discovery, that Kepler might select 
from them the characteristic which was the true key to the planetary 
orbit. In the same way, the spherical figure of the earth could not 


have been discovered if the primitive character of the sphere had 
f all its points 


from an interior point. Certain properties of surfaces were the 
means used for connecting the abstract reasoning with the concrete 
fact. And others, again, were required to prove that the earth is 
not.absolutely spherical, and how much otherwise. The pursuit of 
these labours does not interfere with the definition of Geometry 
given above, as fheyotend indirectly to the measurement of exten- 
sion. ‘Lhe great body of geometrical researches relates to the pro- 
perties of lines and surfaces ; and the study of the properties of the 
same figure is so*extensive, that the labours of geometers for twenty 
centuries have not @seausted the study of conie sections. Since the 
time of Descartes, it has become less important; but it appears as 

finished, Aud here opens another infinity. 


fnr as ever from being fit : r infinity. 
We had before the. infinite scope of lines, and the double infinity of 
surfaces: and now we. see that not only is the variety of figures 


inexhaustiblé, but also the diversity of the points of view from 
which each figure may be regarded. , h p 
"flere are two general Methods of treating geometrical questions. 
These are commonly called Synthetical Geometry wo geral 
and Analytical Geometry. I shall prefer the histori- Methods. ' 
cal titles of »Geometry “of the Ancients and Geometry of the 
Moderns, But it is, in my view, better still to call them Special 
Geometry and General Geometry, by which their nature 1s most 
unknown to dhe ahcients, 


The Calculus was not, as some suppose, > 
he theory of proportions, 


as we perceive by their applications of t 
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he difference between them and us is not so much in the instru- 
5 ment of deduction as in the nature of the questions 
ent ang considered. The ancients studied geometry with 
general or reference to the bodies uniler notice, or specially: the 
moder. Geo-  moderns study it with refere‘ice to the phenomena to 
be considered, or, generally.” The ancients extracted 
all they could out of one litie or surface, before püssing to another ; 
and each inquiry gave little or no assistance in the next. The 
moderns, since Descartes, employ themselves on questions which 
relate to any figure whatever. They abstract, to treat by itself, 
every question relating to the same geometrical phenomenon, in 
whatever bodies it may be considered. Gevmeters can thus rise 
to the study of new geometrical conceptions, which, applied to the 
curves inyestigiited by the ancients, have brought out new properties 
never suspected by them. The superiority of the moderne method 
is obvious at a glance. The time formerly spent, and the sagacity 
and effort employed, in the path of detail, nre inconceivably econo- 
mized by the general method used since the great revolution under 
Descartes, The benefit to Concrete Geometry is no less than to 
the Abstract; for tlie recognition of geometrical figures in nature 
was merely embarrassed by the study of lines in detail; and the 
application of the contemplated figure to the existing body could be 
only accidental, and within a limited or doubtful range: whereas, 
hy the general method, uo existing figure ean escape application to 
ile true theory, ns soon ns its geometrical features are nscertaine i 
RUIT, the ancient method was natural; and it was necessary that it 
should precede the modern. The experience of the nncients; and 
fhe materia Hey seenmuleted hy their spoil method, were 
| ispensable to suggest the conception of Descartes, and to furnish 
n basig for the general procedure. It is evident that the Calculus 
cannot originale any science, Equations must exist ns n starting- 
poiut for analytical operations, No other bgginning can bo thade 
than the direct study of the objast, pursued up to she point of the 
discovery of precise relations, f piia” 
We must briefly survey the geometry of the ancients, in its 
Geometry of character of an indispensable introduction to that ol 
the ancienta, the moderns. Whe one, special nnde preliminary 
must have its relation made clear to the bihien the ieneral an 
definitive geometry, which now constitutes the science that moes by 
that name, "s 
We have scen,that Geometry is a soienoe founded upon obseivas 
tion, thongh the inatertala furnished bye observation are few and 
simple, and the structure of réhsoning erected upón them vast and 
complex. The caly elementary materials, obtainable by direct 
study alone, are those which relate to the right line for the geometry 
of hnés ; to the quadrature of rectilinear plane areas; and to the 
cubature of bodies terminated by plane faces. The beginning of 
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geometry must be from the observation of lines, of flat surfaces * 
angularly bounded, and of bodies which have more or less bulk, 
also angularly bounded. , ‘jhese are all ; for all other figures even 
the circle, and the figures belonging to it. now ODORE the 
hend of analytical geometry. ''hesthree elements just mentioned 
allow a sufficiency of equations for the calculus to proceed upon. 
More are not needed; and we cannot do with less. Some have 
endeayoured to extend analysis so as to dispense with a portion 
of these fels: but to do so is merely to return to metaphysical 
practices, in presenting actual facts as logical abstractions. ‘he 
more we percetye Geometry to be, in our day, essentially analytical, 
the more careful we must be not to lose sight of the basis of obser- 
yation on which all geometrical science is founded. When we 
observe people attemplingsto demonstrate axioms and the like, we 
may avów that it is better to admit more than may be quite necessary 
of materials derived from observation, than to carry logical demon- 
stration into a region where direct observation will serve us better. 
here are two ways of studying the right line—the graphic and 
the algebraic. The thing to be done is to ascertain, Geometry of the 
by means of one another, the different elements of "i tine. 
any right line whatever, so as to understand, indirectly, a right line, » 
under any circumstances whatever, Tlie way to do this is, first, to 
study the figure, by constructing it, or otherwise Graphical 
directly investigating it; and then, to reason from) session 
that obgervation. ‘he aucients, in the early days of the scienee, 
d, even in the form of Gon- 


made great use of the graphic method, ever à - 
ns when Aristarchus of Samos estimated the distance of 


Bye yebin à yen o5 estimated the distance of 
the sun and moon hài {io earth on 1.0 fangle constueti de eA 
as possible in resemblance to Wie righlcauglen triangle farmed by 
the three bodies at the instant when the moon is in quadrature, and 
when therefore nh ¢ psbrvation of the angle at the earth would define 

tifffedes himself, though he was the first to intro- 


the triangle. Arc les himsel 
terminations iñto geometry, frequently used the 


duce calculated" de ) 
name menus. "The introduction of trigonometry lessened the prac- 


tice ; but did not abolish it. "Phe Greeks and Arabians emp oyed 
it still for a great number of investigations for which we now cou- 
Rider tl e uae of the Caleulus indispensable. 

UN e Wis graphie or constructive mothod ansa well whon all 
the parts of the proposed figure lie in the same plane, if must receive 
additions before it can be applied to figures whose parts lie in 
different planes. Thence arises à new series of eousiderations, and 
different systems of rg Potions. Where we now employ spherical 
trigonometry, especially for problems relatifig to the celestial sphere, 
the ancients had to consider how they could replace constructions in 
relief by plane constructions. This was the object of their analemmas, 
and of the other plane figures which long supplied the plaée of the 
Calculus. They were acquainted with the elements of what we 
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call Descriptive Geometry, though they did not conceive of it in a 
distinct and general manner. " M^ 
Digressing here for a moment into the region of application, I 
Descriptive — méy observe that Descriptive Geometry, formed into 
Geometry. a distinct system by Monge, practically meets the 
difficulty just ‘stated, but does not warrant the expectations of its 
first admirers, that it would enlarge the domain of rational geometry. 
lts grand use is in its application to the’ industrial arts ;—its few 


abstract problems, capable of invariable solution, relating essentially ' 


to the contacts and intersections of surfaces ; so that all the geo- 
metrical questions which may arise in any of’ the various arts 
of construction,—as stone-cutting, carpentry, perspective, dialing, 
fortification, etc. —can always be treated as simple individual cases 
of a single theory, the solution being certainly obtainable through 
the particular circumstances of each case, This creation must be 
very important in the eyes of philosophers who think that all human 
achievement, thus far, is only a first ‘step towards a philosophical 
renovation of the labours of mankind ; towards that precision and 
logical character which can alone ensure the future progression of 
all arts. Such a revolution must inevitably begin with that class of 
arts which bears a relation to the simplest, the most perfect, and 
the most ancient of the sciences, It must extend, in time, though 
less readily, to all other industrial operations. Monge, who under- 
stood the philosophy of the arts better than any one else, himself 
indeed endeavoured to sketch out a philosophical system of mechan- 
ical arts, and at least succeeded in pointing out the direction in 
which the object must be pursued. Of Descriptive Geometry, it 
may further be said that it usefully exercises the students’ faculty 
of Imagination,—of conceiving of complicated geometrical com- 


binations in Space; and that, while it belongs to the geometry of 


the ancients by the character of its solutions, it, approaches toothe 
seometry of the moderns by the nature ofthe questions which 
compose it. Consisting, as we hate said, of a few abstract problems 
obtained through Projections, and relating .to the contacts and 
intersections of surfaces, the invariable solutions of these problems 
are at once graphical, like those of the ancients, and_general, like 
those of the moderns. Yet, as destined to an industrial application, 
Descriptive Geometry has here been treated of only in the way of 


digression. Leaving the subject of graphic solution, we have to 1 


notice the other branch, —the algebraic. d 
Some may wonder that this branch is not treated as belonging to 


Algebraic General Geometry. But, not only were the ancients, 
solutions. in fact, the inventors of irigonometry,—spherical- as 


well as rectilinear,—though it necessarily remained imperfect, in. 


their hands; but algebraic ‘solutions are also no part of analytical 
geometry, bit only a complement of elementary geometry. 


Since all right-lined figures can be decomposed into triangles, all 
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that we want is to be able to determine the different elements of a 
triangle by means of one another, ‘This reduces polygonometry 
to simple trigonometry. * 

The difficulty lies in forming three distinct equations between 
the angles and the sides of a friangle. ‘These 3 
equations being qbtained, all irigonometrical pro- me Laat n 
blems are reduced to mêre questions ot analysis. —There are (wo 
methods of introducing the angles into the calculation. ‘hey are 
either introduced directly, by themselves or by the circular ares 
‘which are proportional to them: or they are introduced indirectly, 
by the chords of these ares, which are hence called their trigono- 
metrical lines. ‘Che second of these methods was the first adopted 
because the early state of knowledge admitted of its working, Shile 


it did not admit the establishment of equations between the sides 


of the triangles and the angles themselves, but only between the 
method which employs 


sides and the trigonometrical lines.—The 
the trigonometrical lines is still preferred, as the more simple, the 
equations existing only between right lines, instead of between 
right lines and ares of circles. 

To meet the probable objection that it is rather a complication 
than a simplification to introduce these lines, which have at last to 
be eliminated, we must explain a little: ^. 

“heir introduction divides trigonometry into two parts. In one, 
we pass from the angles to their trigonometrical lines, or the con- 
verse: in the other we have to determine the sides of the triangles 

«by the trigonometrical, lines of their angles, or the converse. Now, 
the first process is done for us, once for all, by the formation ot 
numerical tables, capable of use in all conceivable questions. It is 
only the second, which is-by far the least laborious, that has to be 
undertaken in each individual case. The first is always done in 
advance. ‘he pfocess may be compared with the theory of logar- 


ithms, by which allPirzaginable ] are ( 
posed into two parts—the first and most difficult of which is done 


in advance. A pate S 
in considering the position of the 


We must remember, too, ihe. i 
ancients, the remarkable fact that the determination of angles by 
their trigonometrical lines, aud the converse, admits of an arith- 


metical solution, without the previous resolution of the corresponding 
algebrgic question. ut for this,ethe ancients could nof have 


obtained trigonometry. When Archimedes was at work upon the 
rectification of the circle, 


: tables of chords were prepared : from his 
labours resulted the determination of a certain series of chords: 
and, when Hipparchus afterwards invented trigonometry, he had 
only to Complete that operation by suitable intercalations. ‘The 
connection of ideas is here easily recognized. i f 

For the same reasons which lead us to the employment or these 
lines, we must employ several at once, instead of confining ourselves 


à ` 
ae 


arithmetical operations are decom- : 
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to one, as the ancients did. The Arabians, and after them the 
moderns, attained to only four or five direct trigonometrical lines 
altogether ; whereas it is clear that the number is not limited.— 
Instead, however; of plunging into deep ‘complications, in obtaining 
new direct lines, we create indirect ones. ' Instead, for instance, of 
directly and, necessarily determining the sine of an angle, we may 
determine the sine of its "half, or of its @ouble,—taking any line 
relating to an are which is a very simple function of the first. 
Thus, we may say that the number of trigonometrical lines actually 
employed by modern geometers is unlimited through the augmen- 
tations we may obtain by analysis. Speciál names have, however, 
been given to those indirect lines only whiclt refer to the comple- 
ment of the primitive are,—others being in much less frequent 
use, f 


Out of this device arises a third section of trigonometrical | 


knowledge. Having introduced a new set of lines,—of auxiliary 
magnitudes—we have to determine their relation to the first. And 
this study, though preparatory, is indefinite-in its scope, while the 
two other departments are strictly limited. 

The three must,.of course, be studied in just the reverse order’ to 


that in which it has been necessary to exhibit them. , First, the. 


student must know the relations between the indirect and direct 
trigonometrical lines: and the resolution of triangles, properly so 
called, is the last process. 

Spherical trigonometry requires no special notice here (all-im- 
portant as it is by its uses),—since it is, in our day, simply, an 
application of rectilinear trigonometry, through the substitution 
of the corresponding trihedral angle for the spherital triangle. 

This view of the philosophy of trigonometry has been given 
chiefly to show how the most simple questions of elementary 
geometry exhibit a close dependence and regalar gamification. 

Thus have we seen what is the peculiamsclaracter of Special 
Geometry, strictly considered. o We see that if constitutes an 
indispensable basis to General Geometry, Next, we have to study 
the philosophical character of the true science of Geometry, begin- 
ning with the great original idea of Descartes, on which it is wholly 
founded, . a 


o 


Q 


Modern, or Analytical Geometry. 


DR 

General or Analytical Geometry is founded upon the transfor- 
mation of geometrical considerations into equivalent analytical con- 
siderations. Descartes established the constant possibility’ of doing 
this in a uniform manner; and his beautiful conception is inter- 
esting note only from its carrying on geometrical science to a 
logical perfection, but from its showing us how,to organize the 


» 
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relations of the abstract to the concrete in Mathematics by the 
analytical representation of natural phenomena. 

; The first thing ie ae is evidently to find and fix a method 
or expressing analytically the subjects which afford i 

the phenomena. If we can aa lines and sur- prune 
faces analytically, we can’ so regard; hencefortli, the %fgures. 
accidents of these Subjects. e 2 

Here occurs the difficulty of reducing* all geometrical ideas to 
those of number: of substituting considerations of quantity for all 
considerations of quality.—In dealing with this difficulty, we must 
observe that all geometrical ideas come under three heads :—the 
magnitude, the figure, and the position of the exten- — ,... 

. . S m " ^ : osition. 
sions in question. The relation of the first, magni- 

tude, to numbers is immedjate and evident: and the other two are 
easily breught into one ; for the figure of a body is nothing else than 
the natural position of the points of which it is composed: and its 
position cannot be conceived of irrespective of its figure. We 
have therefore only to establish the one relation between ideas 
of position and ideas of magnitude. It is upon this that Descartes 
has established the system of General Geometry. 

The method is simply a carrying out of an. operation which is 
natural to all minds. If we wish to indicate the situation of an 
object which we cannot point out, we say how it is related to objects 
that are known; by assigning the magnitude of the different geo- 
metrical elements which connect it with known objects. 

. Those elements are what Descartes, and all other geometers after 
him, “have called the co-ordinates of the point considered. If we 
know in what plane the point is situated, the co-ordinates are two. 
If the point may be anywhere in space, the co-ordinates cannot be 
less than three. They may be multiplied without limit: but whether 
few or many, the édeas.of position will have been reduced to those 
of mågnitude, so thet ye shall represent the displacement of a point 
as produced by pure numerical variations in the values of its co- 
ordinates—The simplest case of all, that of plane geometry, is when 
we determine the position of a point on a plane by considering its 
distances from two fixed right lines, supposed to be known, and 
generally concluded to be perpendicular to each other. These are 
called axes. Next, there may be the less simple process of deter- 


- mining the position by the distances from two fixed points ; and'so 


on to greater and greater complications. But, from some system or 
other of co-ordinates being always employed, the question of position 
is always reduced to that ef magnitude. m. 

It is clear that our only way of marking the position of a point is 
by the intersection of two lines. When the point is Position of 
determined by the intersection of two right lines,each — *7?^* 
parallel to a fixed axis, that is the system of rectilinear co-ordinates, 
—the most common of all. The polar system of co-ordinates ex- 
VOL. I. ' E 


t 
r 


"So POSITIVE PHILOSOPHY. 


hibits the point by the travelling of a right line round a fixed centre 
of a circle of variable radius. Again, two circles may intersect, or 
any other two lines: so that to assign the value of a co-ordinate is 
the same thing as to determine the line on which the point must be 
Situated. ‘The ancient geometers, of course, were like ourselves in 
this necessary method of conceiving of position: and their geometrical 
loci were founded upon iv. It was in endeavouring to form the 
process into a general system that Descartes created Analytical 
Geometry.—Sceitiz, as we now do, how ideas of position, —and, 
through them, all elementary geometrical idens,—ecan be reduced to 
ideas of number, we learn what it was that he effected. ij 
Descartes treated only geometry of two dimensions in his. analy- 
tical method : and we will at first consider only this 
kind, beginning with Plane Curves. Lines must be 
expressed by equations : and again, equations must be expressed by 
eoar. lines, when the relation of geometrical conceptions to 
of tines by — numbers is established.—It comes to the same thing 
Equations. whether we define a line by any one of its properties, 
or supply the corresponding equation between fhe two variable co- 
ordinates of the point which describes the line. Ifa point describes 
a certain line on a plane, we know that its co-ordinates bear a fixed 
relation to each other, which may be expressed by an" appropriate 
equation. If the point describes no certain line, its co-ordinates 
must be two variables independent of each other, Its situation in 
the latter case can be determined only by giving at once its two co- 
ordinates, independently of each other : whereas, in the former case, 
a single co-ordinate suffices to fix its position. The second co- 
ordinate is then a determinate function of the first ;—that, is, there 
_ exists between them a certain equation of a nature corresponding to 
that of the line on which the point is to be found. The co-ordinates 
of the point each require it to be on a certain line: and again, its 
being on a certain line is the same thing as, assigning the valie of 
one of the two co-ordinates ; which is then found to be entirely 
dependent on the other. Thus are lines analytically expressed by 
equations, 
By a converse argument may be seen the geometrical necessity 
Damenn- O representing by a certain line every equation of 
of equations two variables, in a determinate system of co-ordi- 
VUE; nates. In the absence of any other known property, . 
such a relation would be a very characteristic ‘definition; and its 
scientific effect would be to fix the attention immediately upon the 
general course of the solutions of the equation, which will thus be 
noted in the most strixing and simple manner. There is an evident 
and vast advantege in this picturing of equations, whieh reacts 
stronely upon the perfecting of analysis itself. The geometri 
locus stands before our minds as the representation of all the details 
that have gone to its preparation, and thus renders comparatively 


Plane Curves. 
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easy our conception of new general analytical views. This method 
has become entirely elementary in our day; and it is employed 
when we want to get a clear idea of the general character of the 
Jaw which runs through/a series of particular observations of any 
kind whatever, P *e 

Recurring to the representation of lines-by equations, which is our 
chief object, we see that this representation is, by its Change in the 
nature, so faithful, that the line could not undergo tine changes 
any modification, even the slightest, without causing the equation; 
a corresponding change jn the equation. Some special difficulties 
arise out of this perfect exactness ; for since, in our system of 
analytical geometry, mere displacements of lines affect equations as 
much as real variations of magfiitude or form, we might be in 
danger of confounding the one with the other, if geometers had not 
discoveréd an ingenious method expressly intended to distinguish 
them always. It must be observed that general inconveniences of 
this nature appeur to be strictly inevitable in analytical geometry ; 
siuce, ideas of position being the only geometrical ideas immediately 
yeducible to numerical considerations, and conceptions of form not 
being referrible to them but by seeing in them relations of situation, 
it is impossible that analysis should not at first confound phenomena 
of form with simple phenomena of position; which are the only 
ones that equations express directly. : 

'l'o complete our description of the basis of analytical geometry, 
it is necessary to point out that not only must every — zy defini- 
defined line give rise to a certain equation between tion of a tine 
the two co-ordinates of any one of its points, Dut, e Go equa 
every definition of a Ene is itself an equation of that line in a suit- 
able system of co-ordinates. y^ MM ' nit wend 

Considering, first, what a definition is, we say it must distinguish 
the defined object froin all others, by assigning to it a property 
which belongs to it aue. But this property may not disclose the 
mode of generation of the object, in which ‘case the definition is 
merely characteristic ; or it may express one of its modes of genera- 
tion, and in that case the definition is explanatory. For instance, if 
we say that the circle is the line which in the same form contains the 
largest area, we offer a characteristic definition ; whereas if we choose 
its property of having all its points. equally distant from a fixed 
point, eve have an explanatory definition. It is clear moreover that 
ihescharacteristic definition always leaves room for an explanatory 
one, which further study must disclose. e A 

lt is to explanatory definitions only that what has been said of 
the definition of a line being an equation of that line can apply. 
We cannot define the generation of a line without specifying a 
certain relation between the two simple motions, of translation or 
of rotation, into which the motion of the point which edescribes it; 
will be decomposed at each moment. Now, if we form the most 
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general conception of what a system of co-ordinates is, and if we 
admit all possible systems, it is clear that such a relation can be 
nothing else than the equation of the pronosed line, in a system of 
co-ordinates of a` corresponding nature to tliat of the mode of genera- 
tion considered ; as in the case of the circle, the common definition 
of which may be regarded ^s being the polar equetion of that curve, 
taking the centre of the circle for the pole. 

This view not only exhibits the necessary representation of every 
line by an equation, but it indicates the general difficulty which 
occurs in the establishment of. these equations, and therefore shows 
us how to proceed in inquiries of this kind which, by their nature, 
do not admit of invariable rules. Since every explanatory definition 
of a line constitutes the equation of that line, it is clear that when 
we find difficulty in discovering the equation of a curve by means 
of some of its characteristic properties, the difficulty must" proceed 
from our taking up a designated system of co-ordinates, instead of 
admitting indifferently all possible systems. ‘hese systems are not 
all equally suitable; and, in regard to curves, geometers think 
that they should almost always be referred, as far as possible, to 
rectilinear co-ordinates. Now, these particular co-ordinates are 
often not those with reference to which the equation of the curve 
will be found to be established by the proposed definition. It is in 


acertain transformation of co-ordinates then that the chief difficulty , 


in the formation of the equation of a line really consists. ‘The view 
I have given does not furnish us with a complete and certain general 
method for the establishment of these equations; but it may cast a 
useful light on the course which it is best to pursue to attain the 
end proposed. à 


The choice of co-ordinates—the preference of that system which 
Choice of may be most suitable to the'case?—is the remaining 
co-ordinates. Point: which we have to notice: 

First, we must distinguish very carefully the two views, the 
converse of each other, which belong to analytical geometry, viz., 
the relation of algebra to geometry, founded on the representation 
of lines by equations, and, reciprocally, the relation of geometry to 
algebra, founded on the picturing of equations by lines. ‘Though 
the two are necessarily combined in every investigation of general 
geometry, and we have to pass from the one to the othe» alter- 
nately, and almost insensibly, we must be able to separate them 
heré, for the answer to the question of method which we are con- 
sidering is far from being the same under the two relations: so 
that without this distinction we could not form any clear idea of it. 

In ihe case of the representation of lines by equations, the first 
object, is to choose those co-ordinates which afford the greatest 
simplicity in the equation of each line, and the greatest. facility in 
arriving at it. ‘There can be no constant prefeience here of one 
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system of co-ordinates. ‘The rectilinear system itself, though often 
advantageous, cannot be always so, and may be, in turn, less so 
than any other. But it.is far otherwise in the converse case of the 
representation of equaticas by lines. , Here the reqtilinear system is 
always to be preferred, as the most simple and trustworthy. If we 
seek to determinesa point by the intersection of two lines, it must 
be best that those lines should be the simplest possible; and this 
confines our choice to the rectilinear system. In constructing 
geometrical loci, that system of co-ordinates must be the best in 
which it is easiest to conceive the change of place of a point vesult- 
ing from the change in the value.of its co-ordinates ; and this is the 
case with the rectilinear system. Again, there is great advantage 
in the common usage of taking the two axes perpendicular to each 
other, when possible, rather than with any other inclination. In 
representing lines by equations, we must take any inclination of the 


axes which may best suit the particular question ; but, in the con- 


verse case, it is easy to see that rectangular axes permit us to 
represent’ equations in a more simple, and even in a more faithful 
manner. For if we extend the geometrical locus of the equation 
into the several unequal regions marked out by oblique axes, we 
shall have differences of figure which do not correspond to any 
analytical diversity ; and the accuracy oi the representation will be 
lost. à t 
On the whole then, taking together the two points of view of 
analytical geometry, the ordinary system of rectilinear co-ordinates 
*is superior to any other. Its high aptitude for the representation 
of equations must make it generally preferred, though a less perfect 
system. may answer Setter 1n particular cases. The most essential 
theories in modern geometry are generally expressed by the recti- 
linear system. The polar system 1s preferred next to it, both because 
its apposite character“ enables. it to solve in the simplest way the 
equations which are *foo complicated for management under the 


first; and because polar co-ordinates have óften the advantage of 


. admilting of a more d 
is the case in Mechanics, 


of the theory, of circular 


celestial geometry. J p 
Such was the field of the labours of Descartes, his conception. of 


analysical geometry being designed only for the study of Plane 
Curves. It was Olairaut who, about a century later, extended it to 
the study of Surfaces and Curves of double curvature. The concep- 
tion having been explained, a very brief notice will suffice for the rest. 
With regard to Surfaces the determination of a point im space 
requires that the values of three co-ordinates shuld Determination 
be assigned. The system generally adopted, which ofa point in 
corresponds with the rectilinear system. of plane 8^ 
geometry, is that of distances from the point to three fixed planes, 


direct and natural concrete signification. ‘This 
in the geometrical questions arising out 
movement, and in almost all questions of 


a 
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usually perpendicular to each other, whereby the point is presented 
as the intersection of three planes whose direction is invariable. 
Beyond this, there is the same infinite | variety among possible 
systems of co-ordinates, that there is in gedmetry of two dimensions. 
Tastee of the intersection of two lines, if must be that of three 
surfaces which determines the point; and each,of the three sur- 
faces has, in the same way, all its’ conditions constant, except one, 
which gives rise to the corresponding co-ordinates, whose peculiar 
geometrical effect is thus to compel the point to be situated upon 
that surface. Again, if the three co-ordinates of a point are 
mutually independent, that point can take successively all possible 
positions in space; but, if its position on any surface is defined, 
two co-ordinates suffice for determining its situation at amy 
moment; as the proposed surface will take the place of the con- 
dition imposed by the third co-ordinate. ‘This last cosordinate 
then becomes a determinate function of the two others, they re- 
maining independent of each other. Thus, there-will be a certain 
equation between the three variable co-ordinates which will be 
permanent, and which will be the only one, in order to corre- 
spond to the precise degree of indetermination in the position of 
the point. i 5 
In the expression of Surfaces by Equations, and again in the 
ios expression of Equations by Surfaces, the same con- 
GAS I ception is pursued as in the analytical geometry of 
Equations, and two dimensions. In the first case, the equation will - 
By Seats be the analytical definition of the proposed surface, 
^. Since it must be verified for all the points of this 
surface, and for them only. If the surface undergoes any change, 
the equation must, as in the case of changing lines, be modified 
accordingly. All geometrical phenomena relating to surfaces may 
be translated by certain equivalent analyticai coriditions, proper to 
equations of three variables: and it is in thé establishment and 
interpretation of this harmony that the science of analytical geometry 
of three dimensions essentially consists. In the second and con- 
verse case, every equation of three variables may, in general, . 
be represented geometrically by a determinate surface, defined 
by the characteristic property that the co-ordinates of all its 
points always preserve the mutual relation exhibited in this 
equation. 5 l , 
Thus we see in this application the complement of the original 
idea of Descartes: ‘and it is enough to say this, as every one can 
extend to surfaces the other considerations which have been indicated 
with regard to lines. i will only add that the superiority of the 
rectilinear system of co-ordinates becomes more evident in analytical 
geometry of three dimensions than in that of two, on account of the 
geometrical, complication which would follow the choice of auy 
other, f t 
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In determining Curves of double curvature—which is the last ` 


elementary point of view, of analytical geometry Of Gury 

three dimensions—the same principle is employed. OE i 
According to it, it is ciear that when a pointsis curvature 
required to be situated upon some certain curve,.a Single co-ordinate 
is enough to deteymine its position completely, by the intersection 
of this curve with the surface resulting frqm this co-ordinate, The 
two other co-ordinates of the point must thus be regarded as func- 
tions necessarily determinate, and distinct from the first. Con- 
sequently, every line, considered in space, is represented analytically 
no longer by a, single equation, but by a system of two equations 
between the three co-ordinates of any one of its points. It is 
evident, indeed, from anot 
which, considered separately, express a certain surface, must in 
combin:ftion present the line sought as the intersection of two 
determinate surfaces. As for the difficulty occasioned by the 
infinity of the number of couples of equations, through the infinity 
of couples of surfaces which can enter the same system of co-ordin- 
ates, and by which the line sought may: be hidden under endless 
algebraical disguises, it must be got rid of by giving up the facilities 
resulting from such a variety of geometrical constructions. Tt is 
sufficient in fact, to obtain from the analytical system established 
for a cettain line, the system corresponding to a single couple of 
surfaces uniformly generated, and which will not vary except when 


the line itself shall change. Such is a natural use of this kind of 


* geometrical combination, which thus affords us a certain means of 
recognizing the identity of lines in spite of the extensive diversity 
of their equations. — * 

Analytical Geome 
perfections on the side 
tanalsis. fügen 


try still presents some im- Imperfections 
both of geometry and of gf Anayticat 
Geometry. 


In regard to Geometry, the equations can „as yet represent only 
entire geometrical loci, aud not déterminate* portions of those loci. 
Yet it is necessary, occasionally, to be able to express. analytically 
a line or surface, or even a discontinuous line or surface, 
ries of sections belonging to distinct geometrical 
ss has been made in supplying means for 
analytical geometry is inapplicable ; but 
M. Fourier, in his labours on discon- 
licated to be at present introduci 
e 
are so far from having & complete 


annot Imperfections 
of Analysis. 


composed of a se 
figures, Sorhe progre 
this purpose, to which our 
the method introduced by 
tinuous functions, is too comp 
into our established system. 

In regard t» analysis, ‘we 
command of analytical. geometry, that We c 
furnish anything like an adequate geometfical È 
representation of analytical processes. This is not an imperfection 
in science, but inherent in the very nature of the subject. As 
Analysis is much more general than geometry, it is of course 


her point of view, that the equations ` 
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' impossible to find among geometrical phenomena a concrete repre. 
sentation of all the laws expressed by analysis: but there is another 
evil which is due to our own imperfect conceptions; that, in our 
representations of equations of two or of three variables by lines or 
surfaces, we regard only the real solutions of equations, without 
noticing any imaginary ones. Yet these las, should, in their 
general course, be as capable of répresentation as the first. Hence 
the graphic representation of the equation is always imperfect ; and 
it fails altogether when the equation admits of only imaginary 
solutions. This brings after it, in analytical geometry of two or 
three dimensions, many inconveniences of*less consequence, arising 
from the want of correspondence between various analytical modi- 
fications and any geometrical phenomena. INS 

We have now seen what Analytical Geometry is. By this science 
we determine what is the analytical expression of such o? such a 
geometrical phenomenon belonging to lines or surfaces: and, 
reciprocally, we ascertain the geometrical interpretation of such 
or such an analytical consideration. It would. be interesting now 
to consider the most important general questions which would 
exemplify the manner in which geometers have actually established 
this beautiful harmony: but such a review is not necessary to the 
purpose of this Work, ard would occupy too much space. We 
have seen what is the character of generality and simplicity*inherent 
in the science of Grommrry. We must now proceed to ascertain 
what is the true philosophical character of the immense and more 
complex science of Raionan MECHANICS. : 
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CHAPTER IV. 


RATIONAL MECHANICS. 


MECHANICAL phenomena are by their nature more particular, more 
complicated, and more concrete than geometrical phenomena. 
Therefore they come after geometry in our survey ; and 
therefore must they be pronounced to be more difficult fis nature 
10 study, and, as yet, more imperfect. Geometrical questions are 
always completely independent of Mechanics, while mechanical ques- 
tions are closely involved with geometrical considerations, —the form 
of bodies necessarily influencing the phenomena of motion andequili- 
brium. The simplest change in the form of a body may enhance 
immeasurably the difficulties of the mechanical problem relating to 
it, as we see in the question of the mutual gravitation of two 
bodies, as a result of that of all their molecules; a question which 
can be completely resolved only by supposing the bodies to. be 
spherical; and thus, the chief difficulty arises out of the geometrical 
apart, of the circumstances. 
Our tendency to look for the essences of things, instead of study- 
ing concrete facts, eaters disastrously into the study of Mechanics. 
We found something of it in geometry; but it appears 1n an 
aggravated form in Mechanics, from the greater complexity of the 
scieyce. .We enéounter a perpetual confusion between the abstract 
and the concrete Points of view; between, the logical and the 
physical; between the artificial eonceptione necessary to help us 
to general laws of equilibrium and motion, and the natural facts 
furnished by observation, which must form the basis of the science. 
Great hs is the gain of applying Mathematical analysis to Mechanics, 
it has set us back in some respects. The tendency to à priori sup- 
positions, drawn by us from analysis where Newton wisely ha 
rəcow;se to observation, has made our expositions of the science less 
clear than those of Newton’s days. Inestimable as mathematica 
analysis is for carrying the science on and upwards, there must firs 
be a basis of;facts to employ it upon; and Laplace and others 
were therefore wrong in attempting to prove the elementary law of 
the composition of forces by analytical demonstration. Even if the 
science of Mechanics could be constructed on an analytical basis, 
it is not easy to see how such a science could ever be applied to the 
actual study of rature. In fact, that which constitutes the reality 
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of Mechanies is that the science is founded on some general facts, 
furnished by observation, of which we can give no explanation 
whatever. Our business now is to point out exactly the philo- 
sophical character of the science, distinguishing’ the abstract from 
the concrete point of view, and. separating the experimental depart- 
mént from the logical. mi wa 

We have nothing to de here with the causes or modes of produc- 
tion of motion, but only with. the motion itself, Thus, 
as we are not treating of Physics, but of Mechanics, 
forces are only motions produced or tending to be produced ; and 
two forces which move a body with the same velocity in the same 
direction are regarded as identical, whether they proceed from mus- 
cular contractions in an animal, or from a gravitation towards a 


Its characters, 


centre, or from collision with another body, or from the elasticity of. 


a fluid. This is now practically understood ; but we hear t6o much 
still of the old metaphysical language about Jorces, and the like; 
and it would be wise to suit our terms to our positive philosophy. 
The business of Rational Mechanics is to determine how a given 
body will be affected by any different forces whatever, 
acting together, whén we know what motion would be 
produced by any one of them acting alone: or, taking it the other 
way, what are the simple motions.whose combination would occasion 
aknown compound motion. ‘This statement shows precisely what 
are the data and what, the unknown parts of every mechanical 
question. ‘I'he science has nothing to do with the action of a single 
force ; for this is, by the terms of the statement, supposed to be known, 
It is concerned solely with the combination of forces, whether there 
results from that combination a motion to be ‘studied, or a state of 
equilibrium, whose conditions have to be described. ; 

The two general questions, the one direct, the other inverse, 
which constitute the science, are equivalent in impórtance, as regards 
their application, Simple motions are a matter of observation, and 
their combined operation can be ‘understood only through a theory : 
and again, the compound result being a matter of observation) the 

' simple constituent motions can be ascertained only by reasoning. 
When we See a heavy body falling obliquely, we know what would 
be its two simple movements if acted upon separately by the forces 
to which it is subject,—the direction and uniform velocity which 
would be caused by the impulsion alone; and again, the aceslera- 
tion of the vertical motion by its weight alone. ‘The problem ia to 
discover thence the different circumstances of the compound move- 
ment produced by the. combination of the two,—todeterminue the 
path of the body, its velocity at each moment, the time occupied 
in falling; and we'might add to the two given forces the resistance 
of the medium, if its law was known. The best example of the 
inverse problem is found in celestial mechanics, where we have to 
determine the forces which carry the planets round:the sun, and the 


Its object. 
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| satellites round the planets. We know immediately only the com- 
pound movement: Kepler’s laws give us the characteristics of the 
| movement ; and then we have to go back to the elementary forces 
| by which the heavenly bodies are supposed to be impelled, to cor- 
| respond with the observed rosuli: anjl these forces once understood, 
the converse of the question can be managed by geometers, who 
could never have mastered it in any other way. $ 
Such being the destination of Mechanics, we must now notice its 
fundamental principles, after clearing the ground by a preparatory 
observation. Ms 
In ancient times, men conceived of matter as being’ passive or 
| inert,—all activity being produced by some external Afatter not in- 
agency,—either of supernatural beings or some meta- €t in Physics. 
physical entities. Now that science enables us to view things more 
truly, wê are aware that there is some movement ór activity, more 
or less, in all bodies whatever. ‘he difference is merely of degree 
between what men call brute matter and animated beings. More- 
over, science shows us that there are not different kinds of matter, 
Dut that the elements are the same in the most primitive and the 
most highly organized. If we knew of any substance which had 
nothing but weight, we could not deny activity even to that; for iu 
falling it is as active as the globe itself, attracting the earth’s par- 
ticles precisely as much as its own particles are attracted by the 
earth. Looking through the whole range of substances, up to those 
of the highest organization, we find everywhere a spontaneous - 
activity, very various, and at most, in some cases, peculiar ; though 
physiologists are more and more disposed to regard the most pecu- 
liar as a modification of antecedent kinds. However this may be, 
jt would be purely absurd now to regard any portion of matter 
whatever as inert, as a matter of fact, or under the head of Physics. 
Butin Mechanics it must be so regarded, because we cannot estab- 
lish any general proposition upon the abstract laws Supposed inert 
of equilibrium or motion without putting out of the i” Mechanics. 
à question all interference with them by other and inherent forces. 
X What we have to boware of is mixing up this logical suppositiou 
with the old notion of actual inertia. 
‘As for how this is to be done, —we must remember what has been 
just said,—that in Mechanics, we have nothing to do ; 
Withethe origin or different natuse of forces; and piov i 
they are all one while their mechanical operation is Mechanics: 
uniform. It is impossible to conceive of any substance as devoid of 
weight, for instance; yet'geometers have logically to treat of bodies 
as without an inherent power of attraction. They treat of this 
»ower as an external force; that is, it is to thém simply a force ; © 


and it does. not matter to them whether it is inherent or external, — 
whether it is attraction or impulsion,—while it is the fall of the 
body that they Fave to study. And so on, through the whole range 
1 à 
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of properties of bodies. When we have so abstracted natu ral pro- 
perties, in our logical view, as to have before us an unmixed case of 
the action of certain forces, and have ascertained their laws, —then 
we can pass from abstract to concrete Mechanies, and restore to 
bodies their natural active properties, and interpret their action by 
what we have learned of the laws of motion and equilibrium, This 
restoration is so difficult to effect,the transition from the abstract 
to the concrete in Mechanics is so difficult, —that, while its theo- 
retical domain is unbounded, its practical application is singularly 
limited. In fact, the application of rational mechanics is limited 
(accurately speaking) not only to celestial phenomena, but to those 
of our own solar system. One would suppose that the single pro- 
perty of weight was manageable enough ; and that of a given form 
intelligible enough: but there are such. complications of physical 
cireumstances,—as the resistance of media, friction, etc., even if 
hodies are conceived of as in a fluid state, that their mechanical 
phenomena cannot be estimated with any accuracy. And when we 
proceed to electrical and chemical, and especially to physiological 
phenomena, we are yet more baffled. General gravitation affords 
us the only simple and determinate law; and even there we are 
perplexed, when we come to regard certain secondary sictions. It 
may be doubted whether questions of terrestrial mechanics will ever 
admit—restricted as our means are—of a study at once purely 
rational and precisely accordant with the general laws of abstract 
mechanies,—though the knowledge of these laws, primarily indis- 
pensable, may often lead us to frequent and valuable indications 

and sugeestions. ] 
Bodies being supposed inert, the general facts, br laws of motion 
Threelaws to which they are subject, are three; all results of 

of motion. — observation, 

The first is that law discovered by Kepler, “which is ingptly 
Law of inertia, CHEA the law of inertia. Acsoriling to it, all motion 
Is rectilinear and niform ; that is, any body impelled 
hy a single force will move in a right line, and with an invariable 
velocity. Instead of resorting to the old ways of pronouncing or 
imagining why it must be so, the Positive Philosophy instructs us 
1o recognize the simple fact that it ds so; that, throuzh the whole 
range of nature, bodies move in a right line, and with a uniform 

velocity, when impelled by a single force. ks 
The second law we owe to Newton. It is that of the constant 
Dub diat equality of action and reaction ; that is, whenever one 
ity of action — body is moved by another, the reaction is such that 
and reaction. the second loses precisely as much motion, in propor- 
tion to its masses, ‘as the first gains. Whether the movement pro- 
ceeds from impulsion or attraction, is, of course, of no consequence. 
Newtón treated this general fact as a matter of observation, and 
most geometers have done the same; so that there has been -less 
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fruitless search into the why with regard to this second law than to 
the first. | 
The third fundamental law of motion involves the principle of 
the independence, or coexistence of motions, which 
lends immediately to what is commonly called tlre ed 
composition of forges. Galileo is, strictly speaking of motions. 
the true discoverer of this law, though he did not regard it precisely 
under the form in which it is presented here :—that any motion 
common to all the bodies of any system whatever does not affect the 
ar motions of these bodies with regard to each other; which 
as if the gystem were motionless. Speaking strictly 
that all the points of the system describe at the 
same time parallel and equal straight lines, and consider that this 
general motion, whatever may be its velocity and direction, will not 
affect refutive motions. No à priori considerations can enter here. 
There is no seeing why the fact should be so, and therefore no an- 
ticipating thatit would beso. On the contrary, when Galileo stated 
this law, he was assailed by a host of objections that his fact was 
logically impossible. Philosophers were ready with plenty of à 
priori reasons that it could not be true: and the fact was not unani- 
. mously admitted till men had quitted the logical for the physical 
point of view. We now find, however,’that no proposition in the 
whole range of natural philosophy is founded on observations so 
simple, so various, 50 multiplied, so easy of verification. In fact, 
the whole economy of the universe would be overthrown, from end 


sto end, but for this law. A ship impelled smoothly, without rolling 
and pitching, has everything going on within it just the same as 1t 
it were at rest; and; in the same way, buton ihe grandest scale, 
globe itself rushes through space, without its motion at 

on on its surface. As we all 


the great g : 
allaffecting the movements going s: 3 
know, it was ienórancé of this third law of motion which was the 
main obstacle to thé establishment of the Copernican theory. The 
Copernicans struggled to get rid ofthe insurmountable objections to 
which their doctrine was liable by vain metaphysical subtleties, till 
Galileo cleared up the difficulty. Since his time; the movement of 
the globe has been considered an all-sufficient confirmation of the 
Jaw. Laplaée points out to us that if the motion of the globe 
affected the movements on it, the effect could not be uniform, but 
must.vary with the diversities of their direction, and of the angle 
that each direction would make with that of the earth: whereas, 
we know how invariable is, for instance, the oscillating movement 
of the pendulum, whatever may be its direction in comparison with 
thas of the travelling globe. i 
Tt may be as well to point out that rotary motion does not enter 
into this case at all, but only translation, because the latter is the 
only motion which can be, in degree and direction, absplutely com- 
mon to all the parts of a system. Tn a rotating system, for instance, 


particul 
_ motions proceed, 
we must conceive 
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covered, if these three should prove to be incomplete. There cannot, 
in the nature of things, be many more; and I would rather incur 
the inconvenience of the introduction of one or two, than run any risk 
of surrendering the positive character of the science and overstrain- 
ing its logical considerations. We cannot howevef conceive of any 
case which is not met by these three laws of Kepler, of Newton, 
and of Galileo ; and their expression is so precise, that they can be 
immediately treated in the form of analytical equations easily 
obtained. As for the most extensive, important, and difficult part 
of the science, the mechanics of varied motion or continuous forces, 
we can perceive the „possibility of reducing if to elementary 
Mechanics by the application of the infinitesimal method. For 
each infinitely small point of time, we must substitute a uniform. 
motion in the place of a varied one, whence will immediately result; 
the differential equations relative to these varied motions. We 
may hereafter see what results have been obtained in regard to the 
abstract laws of equilibrium and motion. Meantime, we see that 
the whole science is founded on the combination of the three 
physical laws just established ; and here lies the distinct boundary 
between the physical and the logical parts of the science. / 
As for its divisions, the first and most important is into Statics 
and Dynamics; that is, into questions relating tOin ge pee 
equilibrium and questions relating to motion. Statics divisions. z 


are the easiest to treat, because we abstract from them PATE 
the element of time, which must enter into Dynamical ~ m 
questions, and complicate them. The whole of Statics corresponds 
to tlie very small portion of Dynamics which relates to the theory 
of uniform motions. , ‘his division corresponds well with the facts 
of human education, in this science. ‘I'he fine researches of Archi- 
medes show us that the ancients, though far from having obtained 
rational Statics, had acquired much essential 


any complete system ob l : i 
UNES of equilibrinm—both. of solids and fluids—while as yet 


wholly. without the most rudimentary knowledge of Dynamics. 
Galileo, in fact, created that department of the science. 

‘Me next division. is that of solids from fluids. ‘his division is 
generally placed first, but it is unquestionable that — , 
the laws of statics and dynamics must enter into the Aceon any 
study of solids and fluids, that of fluids requiring the Solids and 
addition of one more consideration,—variability of Fluids. 
form.” This however is a consideration which introduces the 
necessity of treating separately the molecules of which fluids are 
composed, and, fluids as systems composed of an infinity of distinct 
forces. A new order of researches is introduced into Statics, relative 
to the form of the system in a state of equilibrium, but in Dynamics 
the questions are still more difficult to deal with. The importance 
and difficulty of the researches under this division cannot be^exag- 
gerated. Their complication places even the easiest cases beyond 


y 
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our reach, except by the aid of extremely precarious hypotheses. 
We must admit the vast necessary difficulty of hydrostatics, and 
yet more of hydrodynamics, in comparison with statics and dy- 
namics, properly. so called, which are in fact far more advanced. 
Much of the difficulty arises from the mathematical statement of 
the question differing from the natural fiicts, Mathematical fluids 
have no adhesion betweel their particles; whereas natural fluids 
have, more or less; and ‘many natural phenomena are due to this 
adherence, small though it be in comparison with that of solids. 
Thus, the result of an observation of the quantity of a given fluid 
which will run out of a given orifice wilt differ widely from the 


result of the mathematical calculation of what it shold be, Though - 


the case of solids is easier, yet there perplexity may be introduced 
by the disrupting action of forces, of which abstraction must be 
made in the mathematical question. The theory of the rapture of 
solids, initiated by Galileo, Huyshens, and Leibnitz, is still in a 
very imperfect and precarious state, great as are ‘the pains which 
have been taken with it, and much needed a 
needed however as the mechanics 
questions of celestial mechanics 
alone can we, as I said before, 
rational mechanics. a 


There is a gap left between these two ‘studies, which should be 
pointed out, though it is of secondary importance. We want a 
Mechanics of semi-fluids or semi-solids,—as of sand, in relation to 
solids, and gelatinous conditions of fluids. Some considerations, 
have been offered with regard to these * imperfect fluids," as they 
are called ; but their true theory has never been established in any 
direct and general manner. 

Such is the general 
Rational Mechanics, W 
the composition of the sci 
department of Concrete 
perfection in which it 
rendered all its possibl 
solution, like those of 
Statics, and then procee 


of fluids, because it does not affect 


see the complete application of 


view of the philosophical character of 
e must now take a philosophical view of 
ence, in order to seg hew this great second 
Mathematics has attained the theoretical 


e abstract questions capable of an analytical 


geometry. We must first take a view of 
d to Dynamics. L 
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STATICS. 
At ad 2 . rk 
Te bi ways Of treating Rational Mechanics, According ag 
eee Statics are regarded direct] 5 


J, Or as à particular case 


methods of of Dynamics. By the first’ method we have to d 


.UemEReMÉ— cover g, principle of equilibrium so Seneral as to be 
applicable to the conditions of equilibrium of all systems of possible 


; and in this highest department ` 


sitis. Notsomuch.. 


appears in the works of Lagrange, who has ' 
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forees, By the second method, we reverse the process,—ascertaining 
what motion would result from the simultaneous action of any pro- 
posed differing forces, and then determining what relations of these 
forces would render motion null. : 
The first method was the only one possible in the early days of 
Science; for, as I have said before, Galileo was the First method. 
creator of the sciente of Dynamics. Archimedes, the Statics by itself. 
founder of Statics, established the conditioh of equilibrium of two 
weights suspended at the end of a straight lever; that is, he showed 
that the weights must be in an inverse ratio to their distances from 
the fulcrum of the lever.» He endeavoured to refer to this principle 
* the relations of equilibrium proper to other systems of forces; but 
the principle of the lever is not jn itself general enough for such 
application. The various devices by which it was attempted to 
extend the process, and to supply the remaining deficiencies, were 
relinquished when the establishment of Dynamics gona method. 
permitted the use of the second method,—of seeking Statics through 
the conditions of equilibrium through the laws.of the — Przezics. 
composition of forces. It is by this last method that Varignon dis- 
covered the theory of the equilibrium of a system of forces applied 
upon a single point; and that D'Alembert afterwards established, for 
the first time, the equations ‘of equilibrium of any system of forces 
applied to the different points of a solid body of an invariable form. 
At this day, this is the method universally employed. At the first 
glance, it does not appear the most rational,—Dynamics being more 
complicated than. Statics, and precedence being natural to the 
simpler, It would, in fact, be more philosophical to refer dynamics 
to statics, as has"since been done; but we may observe that it is 
only the most elementary part of dynamics, the theory of uniform 
motions, that we are concerned with in treating statics as a parti- 
cular case of dynamics, The complicated considerations of varied 
motións do not enter into the process at all. 
The easiest method of applying the theory of. uniform motions to 
<- Statical questions is through the view that, when forces are in equili- 
brio, each of them, taken singly, may be regarded as destroying the 
effect of all the others together. Thus, the thing to be done is to show 
that any one of the forces of the system is equal, and directly opposed, 
to the resulting force of all the rest. The only difficulty here is in 
determining the resulting force; that is, in mutually compounding 
the given forces. Here comes in the aid of the third great law of 
motion, and having compounded the two first forces, we can deduce 
the composition of any number of forces. a) 
After having established the elementary laws of the composition 
of forces, geometers, before applying them to the investigation of the 
conditions of equilibrium, usually subject them to an important 
transformation, which, without being indispensable, is of eniinent 
utility, in an analytical view, from the extreme simplification which 
VOL. I. E ( G 
D 


98 POSITIVE PHILOSOPHY. 


it introduces into the algebraical expression of the conditions of 
equilibrium.’ The transformation consists in what is 
called the theory of Moments, the essential property 
of which is to reduce, analytically, all the laws of the composition 
of forces to simple additions and subtractions, Without going into 
an examination of this theory, it is necessary simply to say that it 
considers statics as a particular case of elemeutary dynamics, and 
that its value is in the simplicity which it gives to the analytical 
part of the process of investigation into the conditions of equilibrium. 
Simple, however, as may be the operation, and great as may be the 
practical advantage gained through the treatment of statics as a 
particular case of elementary Dynamics, it would 5e satisfactory to 

Want of unity return, if we could, to the method of the ancients,— 

in the method. to leave Dynamics on one side, and proceed directly 
to the investigation of the laws of equilibrium regarded by,itself, by 
means of a direct general principle of equilibrium. Geometers strove 
after this as soon as the general equations of equilibrium were dis- 
covered by the dynamic method. But a higher motive than even 
the desire to place statics in a more philosophical position impelled 
them to establish a direct Statical method : and this it was which 
caused Lagrange to carry up the whole science of Rational Mechanics 
to the philosophical perfection which it now enjoys, 

D'Alembert made a discovery (to be treated of hereafter), by 
the help of which all investigation of the motion of any body or 
system might be converted at once into a question of equilibrium. 
This amounts, in fact, to a vast generalization ofthe second funda- 

` mental law of motion; and it has served for a century past’ as a 
permanent basis for the solution of all great dyaamical questions; 
and it must be so applied more and more, from its high merits of 
simplification in the most difficult investigations, Still, it is clear 
that this method compels a return into statices; and. Statics as in- 
dependent of Dynamics, which are altogether derived from Statics, 

science must be imperfectly Ipid down, as long as it is necessary 
thus to pass backwards and forwards between its two departments, 
Tn order to establish the necessary unity, and to provide scope for 
D'Alembert's principle, a complete reconstitution of Rational 
Mechanics was indispensable. Lagrange effected this in his 
admirable treatise on * Analytical Mechanics,’ the leading conception 
of which must be the basis of all future labours of geometers upon ` 
the laws of equilibrium and motion, as we have seen that the ereat; 
idea of Descartes is with regard to geometrical speculations 

The principle of Virtual Velocities,—the one Which Laor 

Virtual selected from among the properties. hi 

Velocities,  — Jad been discovered by Galileo in the cage of two 
forces, as a general property manifested by the equilibrium of all 
machines. John Bernouilli extended it to any number of forces 

Composing any system. Varignon afterwards expressly pointed out 


Moments. 


ange 
of equilibrium, 
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the universal use that might be made of it in Statics. ‘The com- 
bination of it with D'Alembert's principle led Lagrange to conceive 
of the whole of Rational Mechanics as deduced from a single funda- 
mental theorem, and to give it that rigorous unity which is the 
highest philosophical perfection of a,science. di 

The clearest idea of the system of xirtual velocities may be 
obtained by considering the simple case of two forces, which was 
that presented by Galileo. We suppose two forces balancing each 
other by the aid of any instrument whatever. If we suppose that 
the system should assume an infinitely small motion, the forces are, 
with regard to each other, in an inverse ratio to the spaces traversed 


“Dy their points of application in the path of their directions. These 


spaces are called virtual velocities, in distinetion from the real 
velocitics which would take;place if the equilibrium did not exist. In 
this primitive state, the principle, easily verified with regard to all 
known machines, offers great practical utility ; for it permits us to 
obtain with ease the mathematical condition of equilibrium of any 
machine whatever, whether its constitution is known or not. .If we 
give the name of virtual momentum (or simply of momentum in its 
primitive sense) to the product of each force by its virtual velocity, 
—a product which in fact then measures the effort of the force to 
move the machine,—we may greatly siniplify the statement of the 
principle in merely saying that, in this case, the momentum of the two 
forces must be equal and of opposite signs, that there may be equili- 
brium, and that the positive or negative sign of each momentum is 


dleteymined according to that of the virtual velocity, which will be 


considered positive or negative according as, by the supposed motion, 
the projection of the point of application would be found to fall 
upon the direction of the force or upon its prolongation, This 
Ned expression of the principle of virtual velocities is especially 
useful for the stat&men? of this principle in a general manner, with 
regard to any systefh of forces whatever. It.’s simply this: that 
the algebraic sum of the virtual Moments of all forces, estimated 
according to the preceding rule, must be null to cause equilibrium : 
and this condition must exist distinctly with regard to all the 
elementary motions which the system might assume in virtue of the 
forces by wliich it is animated. In the equation, containing this 
principle, furnished by Lagrange, the whole of Rational Mechanics 
may be considered to be implicitly comprehended. 

While the theorem of virtual velocities was conceived of only as 
a general property of equilibrium, it could be verified by observing 
its constant cenformity with the ordinary laws of equilibrium, 
otherwise obtained, of which it was a summary, useful by its sim- 
plicity and uniformity. But, if it was to be a fundamental principle, 
a basis of the whole science, it must be underived, or at least cap- 
able of being presented in its preliminary propositions-as a matter 
of observation. “Chis was done by Lagrange, by his ingenious 
demonstration through a system of pulleys. He exhibited the 
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theorem of virtual velocities very easily by imagining a single 
weight which, by means of pulleys suitably constructed, replaces 
simultaneously all the forces of the system. Many other demonstra- 
tions have been-furnished ; but, while more complicated, they are 
not logically superior. From the philosophical point of view it is 
clear that this general theorem, being a hecessary consequence of 
the fundamental laws of motion, éan be deduced in various ways, 
and becomes practically the point of departure of the whole of Rational 
Mechanics. A perfect unity having been established by this prin- 
ciple, we need not look for any others ; and we may rest assured 
that Lagrange has carried the co-ordination of the science as far as 
it can go. The only possible object would be to simplify the ana- 
lytical researches to which the science is now reduced ; and nothing 
can be conceived more admirable for this purpose than Lagrange's 
. adaptation of the principle of virtual velocities to the «uniform 
application of mathematical analysis. 
Striking as is the philosophical eminence of this principle, there 
are difficulties enough in its use to prevent its being considered 
elementary, so far as to preclude the consideration of any other in- 
a course of dogmatic teaching. Tt is for this reason that I have 
. referred to the dynamic method, properly so called, which is the 
only one in general use at'present. All other considerations musí; 
however be only provisional. Lagrange's method is at present too 
new; but it is impossible that it should for ever remain iu the 
hands of a small number of geometers, who alone shall be able to 
make use of its admirable properties. It*must become as popular 
in the mathematical world as the great geometrical conception of 
Descartes: and this general progress would be altiost accomplished 
if the fundamental ideas of transcendental analysis were as widely 
Spread as they ought to be. 
The greatest acquisition, since the regeneration of the science by 
Theory of Lagrange, is the conception ot M. Poinsot,—the 
Couples. theory of Couples, which appears to me to be far 
from being sufficiently valued by the greater number of geometers, 
These Couples, or systems of parallel forces, equal and contrary, 
had been merely remarked before the time of M. Poinsot, as a sort; 
of paradox in Statics. He seized upon this idea, and made it the 
subject of an extended and original theory relating to the trans- 
formation, composition, and use of these singular groups, which 
he has shown to be endowed with properties remarkable for their 
generality and simplicity, He used the dynamic method in his 
study of the conditions of equilibrium: but he Presented it, by tho * 
aid of his theory of couples, in a new and simplified aspect, But 
his conception will do more for dynamies than for statics: and it 
has hardly yet entered upon its chief office. Its value ES be 
appreciated, when it is found to render the notion of the movéments 
of rotation as natural, as familiar, and almost as ‘simple as that of 
forward movenfent or translation. 


EQUATIONS OF EQUILIBRIUM. Tor 


One more consideration should, I thiuk, be adverted to before we 

quit the subject of statics as a whole. When we 

E Share of equa- 
study the nature of ther equations which express the tions in pro- 
conditions of equilibrium of any system of forces,it ducing equili- 
seems to me not enough to establish that the sum 7" 
of these equations is indispensable for equilibrium. I think the 
further statement is necessary, —-in what, degree each contributes 
to the result. It is clear that each equation must destroy some one 
of the possible motions that the body would make in virtue of 
xisting forces ; so that the whole of the equations must produce 
equilibrium by leaving*an impossibility for the body to move in 
any way whatever. Now the natural state of things is for move- 
ment to consist of rotation and 4ranslation. Either of these may 
exist without the other; bnt the cases are so extremely rare of their 
being found apart, that the verification of either is regarded by 
eeometers as the strongest presumption of the existence of the other. 
‘hus, when the rotation of the sun upon its axis was established, 
every geometer concluded that it had also a progressive motion, 
carrying all its planets with it, before astronomers had produced 
any evidence that such was actually the case. In the same way we 
conclude that certain planets, travelling in their orbits, rotate round 
their axes, though the fact has not yet been verified. Some equa- 
tions must therefore tend to destroy all progressive motion, and 
others all motion of rotation. How many equations of each kind 
must there be ? 

Tt is clear that, to keep a body motionless, it must be hindered 
from moving according to three axes in different planes,—commonly 
supposed to be “perpendicular to each other. If a body cannot 
move from north to south, nor the reverse ; nor from east to west, 
nor the reverse; nor up, nor down, it is clear that it cannot. move 
at all. Movemefit in uny intermediate direction might be conceived 
of as partial progréssien in one of these, and is therefore impossible. 
On the other hand, we cannot recRon fewer than three independent 
elementary motions; for the body might move in the direction of 
one of the axes, without having any translation in the direction of 
either of the others. Thus we see that, in a general way, three 
equations afe necessary, and three are sufficient to establish the 
absence of translation ; each being specially adapted to destroy one 
of the three progressive motions of which the body is capable. 
he same view presents itself with regard to the other motion,—of 
rotation, ~The mechanical conception is more complicated ; but it 
is true, as in the simpler vase, that motion is possible in only three 
directions,—in three co-ordinated planes, or round three axes. 
Three equations are necessary and sufficient here also; and thus 
we have six which are indispensable and sufficient to stop all motion 
whatever. 3 

When, instead of supposing any system of forces wh 


atever as the 


^ 
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subject of the question, we particularize any, we get rid of more or 
fewer possible movements. Having excluded these, we may exclude 
also their corresponding equations, retaining only those which relate 
to the possible motions that remain. Thus, instead of having to 
deal with six equations necessary ‘to equilibrium, there may be only 
three, or two, or even one, which it will be easy enouch to obtain in each 
case. ‘These remarks may be extended to any- restrictions upon 
motion, whether resulting from the special constitution of the system 
of forces, or from any other kind of control, affecting the body under 
notice. If, for instance, the body were fastened to a point, so that 
it could freely rotate but not advance, three’ equations would suffice: 


and again, if it is fastened to two fixed points, two equations are ' 


enough ; and even one, if these two fixed points are so placed as to 
prevent the body from moving on the axis between them, Finally, 
its being attached to three fixed points, not in a right Tine, will 
prevent its moving at all, and establish equilibrium without any 
condition, whatever may be the forces of the system. ‘Lhe spirit of 
_ this analysis is entirely independent, of any method by which the 
equations of equilibrium will have been obtained: but the different 
general methods are far from being equally suitable to the applica- 
tion of this rule. The one which is best adapted to it is, undoubtedly, 
the Statical one, properly sò called, founded, as lias been shown, on 
the principle of virtual velocities, In fact, one of the characteristic 
properties of this principle is the perfect precision with which it 
analyses the phenomena of equilibrium, by distinctly considering 
each of the elementary motions permitted by the forces of, the 
system, and furnishing immediately an equation of equilibrium 
specially relating to this motion. li 
hen we come to the inquiry how geometers apply the principles 
no. of abstract Mechanics to the properties of real bodies, 
ection of 2 " * 
the concrete. we must state that the only compleié application. yet 
uuiteas- accomplished is in the question of terrestrial gravity, 
stract question. T eas 5 5 + 
ow, this is a stbject which cannot, logically, be 
treated under the head of Mechanics, as it be 
is sufficient to explain that the statical study 
becomes convertible into that 
confusion between the two dep 
if we accustomed ourselves to class the theor: 


blem of general geometry :—Given, any system 


T, to find a point 
tween the distances 


of all the given points to the same plane.—'The alistraction of all 


Consideration of gravity is an assistance in ever 
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geometrical idea is precisely what we want in most of the principal 
theories of Rational Mechanics, and especially when we contemplate 
the great dynamic properties of the centre of mean distances; in 
which study the idea of gravity becomes a mere encumbrance and 
perplexity. It is trne that, by proceeding thus, we exclude the 
question from the domain ‘of Mechanics, fo place it in that of Geo- 
metry. I should?have so classed it but for an unwillingness to 
break in upon established customs. However it may be as to the 
matter of arrangement, it is highly important for us not to misap- 
prehend the true nature of the question—The integral calculus 
offers the means of surmounting those difficulties in determining 
*the centre of gravity which are imposed by the conditions of the 
question. But, the integrations in this case being more complicated 
than those to which they are analogous,—those of quadratures and 
cubatures,—their precise solution is, owing to the extreme imper- 
fection of the integral Calculus, much more rarely obtained. It 
is a matter of high importance, however, to be able to introduce 
the consideration of the centre of gravity into general theories of 
analytical mechanics. 

Such is, then, the relation of terrestrial gravitation to the science 
of abstract Statics. As for universal gravitation, no complete study 
has yet been made of it, except in regardeto spherical bodies. What 
we know of the law of gravitation would easily enable us to compute 
the mutual attraction of all known bodies, if the conditions of each 
body were understood by us: but this is not the case. For instance, 

„we know nothing of the law of density in the interior of the heavenly 

bodies It is still true that the primitive theorems of Newton on 
the attraction of*spherical bodies are the most useful part of our 
knowledge in this direction. ‘ 

Gravity is the only natural force that we are practically concerned 
with in RationaleStaties: and we see, by this, how backward this 
science is in regard*to;universal gravitation. „As for the exterior 
general circumstances, such as friction, resistence of media, and the 
like, which are altogether excluded in the establishment of the 
rational laws of Mechanics, we can only say that we are absolutely 
ignorant of the way to introduce them into the fundamental relations 
afforded by enalytical Mechanics, because we have nothing to rely 
on, in working them, but precarious and inaccurate hypotheses, 
unfit for scientific use, f : 

‘As for the theory of equilibrium in regard to fluid bodies,—the 
application which it remains for us to notice,—those _zquitibrium 
bodies must be,regarded as either liquid or gaseous. — c//fids- 

Hydrostatics may be treated in two ways.: We may seek the 
laws of the equilibrium of fluids, according to statical Sryarostatick. 
considerations proper to that class of bodies: or we | e. 
may look for them among the laws which relate to solids, allowing 
for the new charzcteristics resulting from fluidity. 3 
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The first method, being the easiest, was in-early times the only 
one employed. Till a rather recent time, all geometers employed 
themselves in proposing statical principles peculiar to fluids ; and 
especially with regard to the grand question of the figure of the 
earth, on the supposition that it was once fluid. Huyghens first 
endeavoured to resolve it, taking for his principle of equilibrium. 
the necessary perpendicularity of*weight at the free surface of the 
fluid. Newton’s principle was the necessary equality of weight 
between the two fluid columns going from the centre,—the one to 
the pole, the other to some point of the equator. Bouguer showed 
that both methods were bad, because, though each was incontest- 


able, the two failed, in many cases, to give the síme form to the 


fluid mass in equilibrium, But he, in his turn, was wrong in 
believing that the union of the two principles, when they agreed in 
indicating the same form, was sufficient for equilibrium. It was 
Clairaut who, in his treatise on the form of the earth, first discovered 
the true laws of the case, setting out from the evident consideration 
of the isolated equilibrium of any infinitely small canal; and, tried 
by this criterion, he showed that the combination required by 
Bouguer might take place without equilibrium happening. Several 
great geometers, proceeding on Clairaut's foundation, have carried 
on the theory of the equilibrium of fluids a great way. Maclaurin 
was one of those to whom we owe much ; but it was Euler who 
brought up the subject to its present point, by founding the theory 
on the principle of equal pressure in all directions, Observation of 
the statical constitution of fluids indicates this as a general | 
and it furnishes the requisite equations with extreme facility: 
It was inevitable that the mathematical theory ôf the equilibrium 
of fluids should, in the first place, be founded, as we have seen that 
it was, on statical principles peculiar to this kind of bodies : for, in 
^ Titid early days, the characteristic differer.ces between solids 
.. and fluids must have appeared too great for any geo- 
meter to think of applying to tke one the general principles appro- 
CN priated to the other. But, when the fundamental 
laws of hydrostatics were at length obtained, and 
men's minds were at leisure to estimate the real diversity between 
the theories of fluids and of solids, they could not but-endeavour to 
attach them to the same general principles, and perceive the neces- 
sary applicability of the fundamental rules of Statics to the equili- 
* brium of fluids, making allowance for the attendant variability. of 
form. But, before hydrostatics could be comprehended under 
Statics, if was necessary that the abstract theory ,of equilibrium 
should be made so general as to apply directly to fl 
solids. This was accomplished when Lagrange supplied, as the 
basis of the whole of Rational Mechanics, the single principle of 
Virtual Velocities. One of its most valuable Properties is its beine 
as directly applicable to fluids as to solids, From that time, Hydro- 


aw; 


uids as Well as . 
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statics, ceasing to be a natural branch of science, has taken its place 
as a secondary division of Statics. his arrangement has not yet 
been familiarly admitted; but it must soon become so. 

To see how the principle of Virtual Velocities may lead to the funda- 
mental equations of the equilibrium, of fluids, we have to consider 
that all that such an application requiresjis to introduce among the 
forces of the system under notice dne new-force,—the pressure exerted 
upon each molecule, which will introduce one term more into the 
general equation. Proceeding thus, the three general equations of 
the equilibrium of fluids, employed when hydrostatics was treated 
as a separate branch, will be immediately reached. If the fluid be 


` aliquid, we must have regard to the condition of incompressibility,— 


of change of form without change of volume. If the fluid be gaseous, 
we must substitute for the incompressibility that condition which 
subjectsethe volume of the fluid to vary according to a determinate 
function of the pressure ; for instance, in the inverse ratio of the 
pressure, according to the physical law on which Mariotte has 
founded the whole Mechanics of the gases. We know but too little 
yet of these gaseous conditions ; for Mariotte's law can at. present 
be regarded only as an approximation, — sufficiently exact for 
average circumstances, but not to be rigorously applied in any case 
whatever, E 

Some confirmation of the philosophical character of this method 
of treating hydrostatics arises from its enabling us to pass, almost 
insensibly, from the order of bodies of invariable form to that of the 
most variable of all, through intermediate classes,—as flexible and 
elastic bodies,—whereby we obtain, in an analytical view, a natural 
filiation of subjects. o : x 

We have seen how the department of Statics has been raised to 
that high degree of speculative perfection which transforms its 
questions into sitnple problems of Mathematical Analysis. We 
must now take a sithilar review of the other department of general 
Mechanics,—that more extended ard more complicated study which 
relates to the laws of Motion. 


SECTION II. 


DYNAMICS. 


The object of Dynamics is the study of the varied motions pro- 
duced by continuous forces. "The Dynamics of varied one 
motions or continuous forces includes two depart- En 
menís,—the motion of a point, and that'of a body. From the 


. positive point of view, this means that, in certain eases, all the parts 


of the body in question have the same motion, so that the determina- 
tion of one particle serves for the whole; while in the more general case, 
each particle of the body, or each body of the system, assuming a 


06  . 7 POSITIVE PHILOSOPHY. 


distinct motion, it is necessary to examine these différent effects, 
and the action upon them of the relations belonging to the system 
under notice. ‘The second theory being: more complicated than the 
first, the first is the one to begin with, even if both are deduced from 
the same principles. x 2 By) i 

With regard to the motion of a point, the question is to determi ne 
the circumstances of the compound curyilinear motion, resulting 
from the simultaneous action of different continuous forces, it being 
known what would be the rectilinear motion of the body if influenced 
by any one of these forces, Like every other, this problem admits 
of a converse solution. 


But here intervenes a preliminary theory, which must be noticed 


Theory of recti- before either of the two departments can be entered 

linear motion. | upon, This theory is popularly called the theory of 
rectilinear motion, produced by asingle continuous force acting inde- 
finitely in the same direction. It may be asked why we want this, 
after having said that the effect of each Separate force is supposed to 
be known, and the effect of their union the thing tobesought. The 
answer to this is, that the varied motion produced by each continu- 
ous force may be defined in several y 
other, and which could never be given simultaneously, though each 
may be separately the most suitable; whence results the necessity 
of being able to pass from any one of them to all the rest, The 
preliminary theory of varied motion relates to these transformations, 
and is therefore inaptly termed the study of the action of a single 
force. ‘These different equivalent definitions of the same varied 
motions result from the simultaneous consideration of the three 
distinct but’ correlated functions which are presented by it,—space, 
velocity, and force, conceived as dependent on time elapsed. "Taking 
the most extended view, we may say that the definition of a varied 
motion may be given by any equation containi g'at once these four 
, variables, of which ^uly one is independent;—time, space, velocity, 
and force. The problem will cohsist in deducing from this equation 
the distinct determination of the three characteristic laws relating 
to space, velocity, and force, as a function of time, and, consequently, 


in mutual correlation. This general problem is always reducible io 
a purely analytical research, by the help of the two dynamical for- 
mulas which express, as a function of time, velocity and force, when 
the law of space is supposed to be known. The infinitesimal method 
leads to these formulas with the utmost ease, the motion beine con- 
sidered uniform during an infinitely small interval of time, and as 
uniformly accelerated during two consecutive intervals, Thence the 
velocity, supposed to be constant at the instant, 

first consideratior’, will be naturally expressed by the differential of 
the space, divided by that of the lime; and, in the same way, the 
continuous force, according to the second consideration, will evi- 
déutly be measured by the relation between the infinitely small 


vays, which depend on each. 


according to the . 
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increment of the velocity, and the time employed in producing this 
increment. m , 

Lagrange's éonception? of. transcendental analysis excluding him 

{yom this use of the infinitesimal method for the establishment of 
the two foregoing dynamie formulas, he was led to present this 
theory under another point of view, more important than seems to be 
generally supposed. In his Theofy. of Analytical Functions, he has 
shown that this dynamic consideration really consists in conteiving 
any varied: motion as compounded, each moment, of a certain 
uniform motion and another motion uniformly varied,—likening it 
to the vertical motion of a heavy body under a first impulsion. 
"Lagrange has not given its due advantage to this conception, by 
developing it as he might have done. In fact, it supplies a com- 
plete theory of the assimilation of motions, exactly like the theory 
of the ‘contacts of. curves and surfaces, in the department of 
geometry, Like that theory, it removes the limits within which we 
supposed ourselves to be confined, by disclosing to us, in an abstract 
way,a much more perfect measure of all varied motion than we 
obiain by the ordinary theory, though reasons of convenience 
compel us to abide by the method originally adopted. 

The first case or department, of rational dynamics,—that of the 
motion of a point, or of a body which has àll its points ^ Arotion of 
or portions affected by the same force,—relates to theo: a point: 
study of the curvilinear motion produced by the simultaneous 
action of any different continuous forces. This case divides itself 
again into two,—according as the mobile point is free, or as it is 
compelled to move in a single curve, or on a given surface. ‘The 
fundamental theory of curvilinear motion may be established in 
either case, in a different way; each being susceptible of direct 
treatment, and of being connected with the other. In the first 
case,sin order to "deduce the second, we have only to regard the 
active or passive resistance of the prescribed curve or surface as a 
new force to be added to the others proposed. In the other way, 
we have only to consider the moving point as compelled to describe 
the curve which it must traverse; and this is enough to afford the 
fundamental equations, though this curve may then be primitively 
unknown. ^ 
“The other, more real and more difficult case, is that of the 
motion of a system of bodies in ang way connected, ^ afotion of 
whose proper motions are ‘altered by the conditions a system. 
of their connection. There is a new elementary conception about 
the measurement of forces which some geometers declare to be 
logically deducible from antecedent considerations, and to which 


they would assign the place and title of a fourth law of motion, 


For the sake of convenience we may make it into a fourth law of 
motion; but such is not its philosophical character. The idea is, 


that forces which ‘impress the same velocity on diffgrent masses are 
I y X 
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to each other exactly as those masses; or, in other words, that the 
forces are proportional to the masses, as we have seen them, under 
the third law of motion, to be proportional to the velocities. All 
phenomena, such as the communication of motion by. collision, or 
in any other way, have tended to confirm the supposition of this 
new kind of proportion. «It evidently résults from this, that when 
we have to compare forces which impress different velocities on un- 
equal masses, each must be measured according to the product: of 
the mass upon which it acts by the corresponding velocity. This 
product is called by geometers quantity of motion ; and it deter- 
mines the percussion of a body, and also the pressure that a body 
may exercise against any fixed obstacle to its motion, E 
Proceeding to the second dynamical case, we see that the 
characteristic difficulty of this order of questions consists in the way 
of estimating the connection of the different bodies of the system, in 
virtue of which their mutual reactions will necessarily affect the 
molions which each would take if alone; and we can have no à 
priori knowledge of what the alterations will be. In the case of 
the pendulum, for instance, the particles néarest the point of 
suspension, and those furthest from it, must react on each other by 
their connection,—the one moving faster and the other slower than 
+ if they had been free; and no established dynamic principle exists 
revealing the law which determines these reactions, Geometers 
naturally began by laying down a principle for each particular case ; 
and many were the principles thus offered, which turned out to be 
only remarkable theorems furnished simultaneously by fundamental 
dynamic equations. Lagrange has. given us, in his ‘Analytical 
Mechanics,’ the general history of this series.of ‘labours: and very 
interesting it is, as a study of the progressive march of the human 
D'Alembers intellect. ‘This method of proceeding continued till 
Principle. —— (he time of D'Alembert, who putan end to all.these 
isolated researches hy seeing how to compute the reactions of the 
bodies of a system ia virtue o£ their connection, and establishing 
the fundamental equations of the motion of any system. By the 
aid of the great principle which bears his name, he made questions 
of motion merge in simple questions of equilibrium. The principle 
is simply this. In the case supposed, the natural raotion clear] 
divides itself into two,—the one which subsists and the one which 
has been destroyed. By D'Alembert's view, all these last, or, in 
other words, all the motions that have been lost or gained by the 
‘different bodies of the system by their reaction, necessarily balance 
each other, under the conditions of the connection which charac- 
terizes the proposed system. James Bernouilli saw this with regard 
to the particularccase of the pendulum ; and he was led by it to 
form an equation adapted to determine the centre of oscillation of 
the most simple system of. weight. Bat he exter 


i ided ‘the resource 
ho further; and what he did detracts nothing from the credit of 
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D'Alembert’s conception, the excellence of which consists in its. 
entire generality. 

In D'Alembert's hands the principle seemed to have a purely 
logical character. But its germ may be recognize in the second 
law of motion, established by Newfon, under the name of the 
equality of reaction, and aétion, ‘They arp, in fact, the same, with 
regard to two bodies only acting upon ench,other in the line which 
connects them. ‘The one is the greatest possible generalization of 
the other; and this way of regarding it brings out its true nature, 
by giving it the physical character which D'Alembert did not 
impress upon it. Hencefdrth therefore we recognize in it the second 
"Jaw of motion, eXtended to any number of bodies connected in any 
manner. o 

We sce how every dynamical question is thus convertible info 
one of Statics, by forming, in each case, equations of equilibrium 
between the destroyed motions. But then comes the difficulty of 
making out what the destroyed motions are. In endeavouring to 
get rid of the embarrassing consideration of the quantities of motion 
lost or gained, Euler, above others, has supplied us with the method 
most suitable for use,—that of attributing to each body a quantity 
of motion equal and contrary to that which it exhibits, it being 
evident that if such equal and contrary motion could be imposed 
upon it, equilibrium would be the result. This method contemplates 
only the primitive and the actual motions which are the true elements 
of the dynamic problem,—the given and the unknown ; and it is 
under this method that D'Alembert's principle is habitually con- 
ceived Of. Questions of motion being thus reduced to questions of 
equilibrium, the hext, step is to combine D'Alembert's principle 
with that of virtual velocities. This is the combination proposed 
by Lagrange and developed in his ‘ Analytical Mechanics, 
which has carried up tlie science of abstract Mechanics to the high- 
est degree of logical perfection,—that is, to a yigorous unity. All 
questions that it can comprehend are brought under a single prin- 
ciple, through which the solution of any problem whatever offers 
only analytical difficulties. 

D'Alembert immediately applied his principle to the case of fluids 
—liquid and gaseous, which evidently admit of its use as well as 
solids, their peculiar conditions being considered. The result was 
our obtaining general equations of, the motion of fluids, whoily 
unknown ‘before. The principle of virtual velocities rendered this 
perfectly easy, and again left nothing to be desired, in regard to 
conerete considerations, aad presented none but analytical diff- 
culties. We must admit however that*our actual knowledge 
obtained under this theory is extremely imperfect, owing to insur- 
mountable difficulties in the integrations required. If it was so in 
questions of pure Staties, much more must it be so 10 the ‘more 
complex dynamical questions. The problem of the flow of a gravi- 
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tating liquid through a given orifice, simple as it appears, has never 
yet been resolved. To simplify as far as they could, geometers 
have had recourse to Daniel Bernouilli’s hypothesis of the parallelism 
of sections, which admits of our considering motion in regard to 
horizontal lamiñæ instead of particle by particle. But this method 
of considering each horizoatal lamina ofa liquid as Moving altogether, 
and taking the place of, the following, is evidently contrary to the 


fact in almost all cases. ‘The lateral motions are wholly abstracted, 


and their sensible existence imposes on' us the necessity of studying- 


the motion of each particle. We must then consider the science 
of hydrodynamics as being still in its infancy, even with regard 
to liquids, and much more with regard to gases. Yet, as the 
fundamental equations of the motions of fluids are irreversib] 
established, it is clear that what remnins to be accomplished. is 
in the direction of mathematical analysis alone, o 


Such is the Method of Rational Mechanics. 
theoretical results of the scie 
general properties of equilibriur 
far discovered, —they were at first taken for real principles, each 
being destined to furnish the solution of a certain order of new 
problems in Mechanics. As the systematic character of the science 
has come out, however, these supposed principles have . shown 


As for the great 
nce—the principal 
n and motion thus 


Results. 


Staticat themselves to be mere theorems,—necessary results 
theorems. of the fundamental theories of abstract Staties and 
Dynamics, 


Of these theorems, two belong to Statics, The most remarkable 
bs HLAS is that discovered by Torricelli with regard to the 
= equilibrium of heavy bodies. It consists in this ; 
that when any system of heavy bodies is in a situation of equilibrium, 
its centre of gravity is necessarily placed at the*lowest or highest 
possible point, in comparison with all thespositions it might take 
under any other situation of tle system.—Maupertnis afterwards, 
by his working ont of his Law of repose, gave a large generalization 
to this theorem of "'orricelli's, which at once became a mere parti- 
cular case under that law ; T'orricelli's applying merely to cases of 
terrestrial gravitation ; while that of Maupertuis extends through- 
out the whole sphere of the great natural attractive forces, 
‘The other general Property relating to equilibrium may be 
Stabitity and Tegarded as a necessary complement of the former. 
instability of It consists in the fundamental distinction between 
pcnuilitrium.. +16) casesiof stability and: instability.of equilibrium 
There being no such thing in nature as abstract repose, the term is 
applied here to that state of stable equilibrium which exists Taha 
the centre of gravity is placed as low as possible ; While unstable 
equilibrium is that which is popularly called equilibrium F and it 
exists when the centre of gravity is placed as high as Possible. 


. 


DYNAMICAL THEOREMS. III 


Maupertuis's theorem consisted in this,—that the situation of 
equilibrium of any system is always that in which the sum of vires 
vivc (active forces) is a maximum or a minimum ; and the one under 
notice, developed by Lagrange, consists in this, —that in any system 
equilibrium is stable or unstable according as the sum of vires vive 
is à maximum or a minintum.  Observat;on teaches the facts in the 
most simple cases’; but it requires a large theory to exhibit to 
geometers that the distinction is equally applicable to the most 
compound systems. : l 
Proceeding to the theorems relative to dynamics, the most direct 
way of establishing them is that used by Lagrange,—exhibiting 
them as immediate consequences of the general equation of dynamics, 
deduced from the combination of oD'Alembert's prin- Dyramicat 
ciple with the principle of virtual velocities. The ^ fAcorems. 
first theorem is that of the conservation of the motion of the centre 
of gravity, discovered by Newton. Newton showed thatthe mutual 
action of the bodies of any system, whether of attrac- me M 
tion, impulsion, or, any other—regard being had to of the motion 
the constant equality between action and reaction, of the centre 
—cannot in any way affect the state of the centre of VOTE 
gravity; so that if there were no accelerating forces besides, and if 
the exterior forces of the system were reduced to instantaneous 
forces, the centre of gravity would remain immovable, or would 
move uniformly in a right line D'Alembert generalized this 
property, and exhibited it in such a form that every case in which 
ihe motion of the centre of gravity has to be considered may be 
treated as that of a single molecule. It is seldom that we form an 
idea of the entift theoretical generality of such great results as 
those of rational Mechanics. We think of them as relating to 
inorganic bodies, or as otherwise circumscribed; but we cannot too 
carefully remember that they apply to all phenomena whatever; 
and in virtue of this universality alone are.the basis of all real 
t ' 


Science. 1 MNA k 
The second general theorem of dynamics is the principle of areas, 


the first perception of which is attributable to Kepler. Principle 

In its simplest form it is this; that if the accelerat- of areas. 

ing force of ny molecule tends constantly towards a fixed point, 
the vector radius of the moving body describes equal areas in equal 
times round the fixed point; so thas the area described at the end 
of any time increases in proportion to thé time: and the reciprocal 
fact is clear,—that the evidence of the areas and the times proves 
the action upon the body of a force directed towards the fixed point. 
This discovery of Kepler's is the more remarkable for having been 
made before dynamics had been really created, by Galileo. Its 
jmportance in astronomy we shall sce hereafter. But though, in 
its simplest form, it is-one of the bases of celestial Mechanics, it 
is, in fact, only the simplest particular case of the great general 
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theorem of areas, exhibited in the middle of the last century by 
D'Arcy, Daniel Bernouilli,and Euler. Kepler's discovery related only 
to the motion of a point, while the later one refers to the motion of 
any system of bodies, acting on each other in any manner whatever ; 
which constitutes a case, not only more complex, but different, on 
account of the mutual acijons involved. ^ It yields proof, however, 
that though the area described bythe vector radius of each mole- 
cule may be altered by reciprocal actions, the sum of the areas 
described will remain invariable in a given time, and will increase 
therefore in proportion to the time. As the theorem of the centre 
of gravity determines all that relates to motions of translation, this 
determines all that relates to motions of rotatiofi : and the two 
together are sufficient for the complete study of the motion of any 
system of bodies, in either direction. And here comes in the 
facility afforded by M. Poinsot's conception—referred to under the 
head of Statics. By substituting for the areas or momentum of 
the geometers, the couples engendered by the proposed forces, a 
philosophical completeness is given to the theory, and a concrete 
value, and proper dynamic direction, to what was before a simple 
geometrical expression of a part of the fundamental equations of 
motion. 
Laplace elicited from the theory of areas that dyn 
Theinvari Which he called the invariable plane, the consider- 
able plane. ation of which is highly important in . celestial 
mechanics. It is in the study of astronomy that the importance 
fully appears of the determination of a plane, whose direction is 
unaffected by the mutual action of different bodies in our own solar 
system ; for we thus obtain a point of reference, a necessarily fixed 
term of comparison, by. which to estimate the variations of the 
heavenly bodies. We are far from having yet attained precision 
in the determination of the situation of this plane; but this does 
not impair the character of the theorem in its relation to rational 
Mechanics. Again, we are indabted to Poinsot, who, by simplify- 
ing, has once more extended the process to which his method is 
applied : and he has repaired an important omission made by Lap- 
lace, in taking into the account the smaller areas deseribed by 
satellites, and their rotation, and that of the sun itself; whereas 
Laplace has attended only to the larger areas described by the 
plánets in their course round the sun. 
Finally, there are Buler’s theorems of the moment of inertia, 
Moment of . and the principal axes, which are among the most 
inertia. important general results of. rational Mechanics, By 
Principal aves. means of these we are able to arrive at a complete 
analysis of the motion of rotation.—By means of all the theorems 
just touched upon, we are put in the direct Way to determine 
the éntire motion of any body, or system -of bodies whatever.— 
Besides them, jpeometers have discovered some which are less 
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general, but, though by no means indispensable, yet very important 
from the simplification they introduce into special researches. 
Students will recognize tlzeir, functions, when their mere names are 
presented; which is all that our space allows:—I refer to the 
theorem of the conservation of active,forces—singularly important 
in its applications to industrial Mechanics Athe theorem, improperly 
called the principle of the least*action, as old as Ptolemy, who 
observed that reflected light takes the shortest way from one point 
to another,—an observation which was the basis of Maupertuis's 
discovery of this property : and lastly, a theorem not usually classed 
with the foregoing, yet worthy of no less esteem,—tlie theorem of 
‘the coexistence 0/ small oscillations, of Daniel Bernouilli. This 
discovery is as important in its physical as its logical bearings; and 
it explains a multitude of facts which, clearly known, could not be 
referred to their principles. It consists in showing that the infinitely 
small oscillations caused by the return of any system of forces to a 


. Slate of stable equilibrium coexist without interference, and can be 


treated separately. 

This reference to the principal general theorems hitherto dis- 
covered in Rational Mechanics concludes our review of the secon 
branch of Concrete Mathematics, h 


As for our review of the whole science, I wish I could better have 
communicated my own profound sense of the nature 
of this immense and admirable science, which, the 
necessary basis of the whole of Positive Philosophy, constitutes the 
most uriquestionable proof of the compass of the human intellect. 
But I hope that fhose who have not the misfortune to be wholly 
ignorant of this fundamental science may, according to the process 
of thought which I have indicated, attain some clear idea of its 
philosophical charaeter.* 

To preserve completeethe philosophical arrangement of Mathe- 
matics in its present state, I ought to considershere a third branch 
of Concrete Mathematics ;—the application of analysis to thermo- 
logical phenomena, according to the discoveries of Fourier. But, 
to avoid too great a breach of customary arrangement, I have 
reserved the- subject, and shall place Thermology among the 
departments of Physics. A 

Mathematical philosophy being now completely characterized, we 
shall proceed to examine its application to the study of Natural 
Phenomena, in their various orders, ranked according to their 
degree of simplicity. By tlis character alone, can they cast light 
back again upon the science which explains them ; and under this 
character alone can they be suitably estimated. According to the 
natural order laid down at the beginning, we now proceed to that 
class of phenomena with which Mathematics is most concerned,— 


Conclusion. 


_ the phenomena of Asrronomy. 
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CHAPTER I. 
GENERAL VIEW. 


Ir is easy to describe clearly the character of astronomical science, 
from its being thoroughly separated, in our time, from 
all theological and metaphysical influence, : Looking 
at the simple facts of the case, it is evident that though three of our 
censes take cognizance of distant objects, only one of the three per- 
seives the stars. The blind could know nothing of them; and we 
who see, after all onr preparation, know nothing of stars hidden by 
distance, except by induction. Of all objects, the planéts are those 
which appear to us under the least varied aspect. We see how we 
may determine their forms, their distances, ‘their bulk, and their 
motions, but we can never know anything of their chemical or 
mineralogical structure ; and, much less, that of organized beings 
living on their surface. We may obtain positive knowledge of 
their geometrical and mechanical phenomena; but all physical, 
chemical, physiological, and social researches, for which our, powers 
fit us on our own earth, are out of the question in regard to the 
planets. Whatever knowledge is obtainable by means of the sense 
of Sight, we may hope to attain with regard to the stars, whether 
we at present see the method or not; and whatever knowledge 
requires the aid of other senses, we must at once exclude from our 
expectations, in Spite of any appearances to the contrary. ^ As to 
- questions about which we are uncertain whether they finally depend 
on Sight or not,—we must patiently wait, for an ascertainment of 
their character, before we can settle whether they are applicable to 
the stars or not. he only case in which this rule will be pronounced 
too severe is that of questions of temperatures, The mathematical 
thermology created by Fourier may tempt us to hope that, as he 
- has estimated the temperature of the space in which we moye, we 
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may in time ascertain the mean temperature of the heavenly 
bodies: but I regard this order of facts as for ever excluded from 
our recognition. We ca never learn their internal constitution, 

d nor, in regard to Some of them, how heat is absorbed. by their atmos- 

here. Newton's attem t to estimate, the tem erature of the comet 
of 1680 at its perihelion could accomplishtnothing. more, even willi 
the science of our day, than show* what would be the temperature 
of our globe in the circumstances of that comet, We a 

may therefore dofine Astronomy as the science by Definition. 
which wo discover the laws of tho geometrical and mechanical 
phenomena presented by the heavenly odies. ' 

~ It is desirable to add a. limitation which is important, though not 
of primary necessity. "he part ofthe science which /— y, 

we command from what we,may call the Solar point pie Pai 

of view {s distinct, and evidently capable of being made complete 
and satisfactory ; while that which is regarded from the Universal 
int of view is in its infancy to us now, and must ever be illimit- 
able to our successors of the remotest generations. Men will never 
compass in their conceptions the whole of the stars. ‘The difference 


| is very striking now to us who find a perfect knowledge of the solar 
b. system at our command, while we have not obtained the first and 


most simple element in sidereal astronomy—the determination of 
the stellar intervals. Whatever may be the ultimate progress. of 
our knowledge in certain portions of the larger field; it will leave 
us always at an immeasurable distance from understanding the 
vniverse. 


"l'hroughout the whole range of science there exists a constant and 


necessary harmony between our needs and our knowledge. We 
shall find this to be true everywhere. The fact is, we need to know 
only what, in some way or other, acts upon us; and the influence 


which acts upon u$ becómes, in turn, our means of knowledge. This 
is evidently and remarkably true in, regard to Astronomy. Tt is of 
the highest importance to us to knów the laws of the solar system : 
and we have attained great precision with regard to them; but, if 
the knowledge of the starry universe 15 forbidden to us, it is clear 
that it is of no real consequence to us, except as a gratification of 
The interior mechanism of each solar system is 
dent of the mutual action of distant suns ; as it 
may well be, considering the distance of these suns from each other, 
in comparison with the distance of planets from -their suns. Our 
tables of astronomical events, constructed in advance, proceed on 
the supposition-of there being no other system than our own ; an 

ihey-agree with our direct observations, precisely and necessarily. 
his is our proper field ; and we must remember that it 18 80. We 
must keep carefully apart the idea of the solar system and that of 
the universe, and be always assured that our only tiue interest is in 
the former. Within this boundary alone is astronory the supreme 


our curiosity? 
essentially indepen 
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and positive science that we have determined it to be; and, in 
fact, the innumerable stars that are scattered through space serve 
“us scientifically only as providing positions which may be called 
fixed, with which we may compare the interior movements of our 
system. : í 
We shall find; as we proceed through the whole gradation of the 
Means of ex- science, that the more complex the science,sthe more 
ploration. various are the means of exploration ; whereas, it 
does not at all follow, as we shall see, that the completeness of the 
knowledge obtained is in any proportion to the abundance of our 
means. Our knowledge of astronomy is more perfect than that of 
any of the sciences which follow it; yet in none are our means of 
exploration so few. r ' $ 
The means of exploration are three :—direct observation ; obser- 
vation by experiment; and observation by comparison." In the 
first case, we look at the phenomenon before our eyes; in the 
second, we see how it is modified by artificial circumstances to 
which we have subjected it; and in the third, we contemplate a 
series of analogous cases, in which the phenomenon is more and 


more simplified. It is only in the case of organized bodies, whose. 


phenomena are extremely difficult of access, that all the three 
methods can be employed’; and it is evident that in astronomy we 
can use only the first. Experiment is, of course, impossible ; and 
comparison could take place only if we were familiar with abun- 
dance of solar systems, which is equally out of the question. Even 
simple observation is reduced to the use of one sense, —that of sight 
alone. And again, even this sense is very little used. Reasoning 
bears a greater proportion to observation here, than in auy science 
that follows it; and hence its high intellectual dignity. To meas- 
ure angles and compute times are the only methods by which we 
can discover the laws of the heavenly bodies ; anil they are enough. 
The few incoherent sensations concerned vould be, of themselves, 
very insignificant ; they could ‘hot teach us the figure of the earth, 
nor the path of a planet. They are combined and rendered service. 
EA able by long-drawn and complex reasonings; so 
that we might truly say that the phenomena, how- 

ever real, are constructed by our understanding. The simplicity of 
the phenomena to be studied, and the difficulty of getting at them 
constitute, by their combinatióa, the eminently mathematical charac. 
ter of the science of astronomy. On the one hand, the pernetual 
necessity of deducing from a small number of direct measures 
whether angular or horary, quantities" which: are rof, themselves 
immediately observable, renders the use of abstract mathematics 
indispensable ; while, on the other hand, astronomical questions 
being always, in themselves, problems of geometry, or else of 
mechanics, must fall into the department of concrete mathematics. 
Again, the regilarity of astronomical forms admits of geometrical 
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treatment ;, and the simplicity of astronomical movements admits of 
mechanical treatment with a very high degree of precision. ‘There 
is perhaps no analytical process, no geometrical or mechanical doc- 
trine which is not employed in astronomical researches, and many of 
them have as yet had no other aim. ¿Considering the simple nature 
of astronomical inyestigations, and the fasy application to them 
of mathematical means, it is evid&nt why astronomy is, by common 
consent, placed at the head of the natural sciences. It deserves 
this place, first, by the perfection of its scientific character ;-and, 
next, by the preponderant importance of the laws which it discloses, 

Passing over, for the present, its utility in the measurement of 

“time, the exact description of the globe, and the perfecting of navi- 
gation, which are not circumstanges that could determine its rank, 
we may just observe that it,affords an instance of the necessity of 
the loitiest scientific speculations to the satisfaction of the most 
ordinary wants, Hipparchus began to apply astronomical theory 
io the finding the longitude at sea. A prodigious amount of 
geometrical science has gone to improve our tables of longitude up 
fo their present point; and if we cannot now get within half-a- 
dozen miles of a true estimate in the seas under the line, it is for 
want of more science still. 

Those who say that science consisté in an accumulation of 
observed facts may here see how imperfect is their account of the 
matter, The Chaldeans and Egyptians collected facts from obser- 
vation of the heavens; but there was no astronomical When it became 
science till the early Greek philosophers referred the Caci MM 
diurnal movement to geometrical laws. ‘The aim of astronomical 
researches was to establish what would be the state of the sky at 
some future time; and no accumulation of facts could effect this, 
till the facts were made the basis of reasonings. Till the rising of 
the eun, or of sofae star, could be accurately predicted, as to time 
and place, there was ne astronomical science... Its whole progress 
since has been by introducing more and more certainty and preci- 
sion into its predictions, and in using smaller and smaller data from 
direct observation for a more and more distant prevision. “No part 
of natural philosophy manifests more strikingly the truth of the 
axiom that all.science has prevision for its end: an axiom which 
separates science from erudition, which relates the events of the 
past, without any regard to the future. 

However impossible may be the aim to reduce the phenomena of 
ihe respective sciences to a single law, supreme in Reduction to 
each, this should be the aim of philosophers, as iis sete. 
only.the imperfection of our knowledge which prevents its accom- 
plishment. The perfection of a science is in exact proportion to 
its approach to this consummation ; and, according to this test, 

astronomy distances all other sciences. Supposin’s ib to relate to 

our solar system alone, the point is attained ; for the single general 
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law of gravitation comprehends the whole of ‘its phenomena. It is 
to this that we must recur when we wish to show what we mean by 
the explandtion of a phenomenon, without any inquiry into its first 
or final cause ; and it is here that we learn the true character and 
conditions of scientific hypothesis,—no other science having applied 
this powerful instrumens so extensively or so usefully. After 
having exhibited these great géneral properties of astronomical 
philosophy, I shall apply them to perfect the philosophical character 
of the other principal sciences. , 

Regarding astronomical science, apart from its method, and with 
a view to the natural laws which it discloses, its pre-eminence ig no 
less incontestable. I have always admired, as a stroke of philo-' 
sophic genius, Newton's title of lis treatise on Celestial Mechanics, 
— The Mathematical Principles of Natural Philosophy ; ' for it 
would be impossible to indicate with a more energetic conciseness 
that the general laws of astronomical phenomena are the basis of 
all our real knowledge. 

We may see at a glance that astronomy is independent of all the 

Relation to natural sciences, depending on Mathematics alone: 

other sciences. and though, philosophically speaking, we put Mathe- 
matics at the head of the whole series, we practically regard it less 
as a natural science of itsélf (from the paucity of phenomena which 
it presents to observation) than as the repository of principles by 
which the natural sciences are interpreted and investigated. Philo- 
sophically speaking, astronomy depends on Mathematics alone, 
owing nothing to Physics, Chemistry, or Physiology, which were 
either undiscovered, or lost in theological and métaphysical con- 
fusion, while astronomy was a true science in the hands of the 
ancient geometers. But the phenomena of the other sciences are 
dependent, naturally as well as systematically, on astronomical facts, 
and can be perfectly studied only through astronomy. We cennot 
thoroughly understard any terrestrial phenomenon without consider- 
ing what our globe is, and what part it bears in the solar system, 
as its situation and motions affect the conditions of everything upon 
it; and what would become of our physical, chemical, ‘and physio- 
logical ideas, without consideration of the law of gravitation? In 
the remotest case of all, that of Social phenomena, it is certain that, 
changes in the distance of the earth from the sun, and consequently 
in the duration of the year, in the obliquity of the ecliptic ete, 
which in astronomy would merely modify some coefficients, would 
largely affect or completely destroy our social development, It is 
no exaggeration to say that Social physics would bo an impossible 
science, if geometers had not shown us that the perturbations of our 
solar system can never be more than gradual and restricted oscilla- 
tions round a mean condition which is invariable, astronomical 
Conditions were jliable to indefinite variations, the human existence 
which depends nama them could never be reduced to laws, 
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] Not less important is the influence of astronomical science on our 
own intelligence. It has done much more than relieve us from 
superstitious terrors and absurd notions about comets and eclipses, 
—notions which, as Laplace observed, would spring ‘up again 
immediately if our astronomy were forgotten. "Ihis science has 
done much more for our understandings@than that. It has done 
more than any othe? pursuit—simply because it is the most scien- 
tific of all—to expose and destroy the doctrine of final causes, which 
is generally regarded by the moderns as the basis of every religious 
system, though it is in fact a consequence and not a cause. The 
knowledge of the motion of the earth has overthrown the very 

"foundation of the doctrine, which supposed the universe to be 

* subordinated to our globe, and therefore to Man. Since Newton's 
time, the development of Celestial Mechanics has deprived theolo- 

gical philosophy of its principal intellectual office, by proving that 

the order maintained throughout our system and the whole universe 
is by the simple gravitation of its parts. If we took an à priori 
view, we should say that, as we exist, our system must be such as 

! — 4o admit of our existence; and one necessary condition of this is 

such a degree of stability in our system as we actually find. This 
stability we scientifically perceive to be a simple consequence of 
mechanical laws working among the incidents of our system,—the 
extremely'small planetary bodies in their relation to the larger sun; 

the small eccentricity of their orbits, and moderate inclination of 

« their planes; which incidents, again, are necessary consequences of 
‘the mode of formation of the entire system. The stability by virtue 

| of whith we hold our existence is not found in the case of comets, 

j whose perturbations, are not only great, but liable to indefinite 

increase; and their being inhabited is inconceivable. Thus, the 

doctrine of final causes would be reduced to the truism that there 
are po inhabited bodiessin our system but those which are habitable. 
this brings us back to,the principle of the conditions of existence, 
which is the true positive transformation of, the doctrine of final 

'eauses, and of far superior scope and profit in every way. 

. We have next to consider the divisions of the science. These 

li arise immediately out of the fact, now familiar to us, — Divisions of 

| that astronomical phenomena are either geometrical the science. 

or mechanical. ‘hey are Celestial Geometry, which is still called 

Astronomy, from its having possessed a scientific character before 

ihe other; and Celestial Mechanics, of which Newton was the 

immortal founder, Though our business is with our own system, 
the same division extends to Sidereal astronomy, Celestia? 

supposing that kind of exploration to be within our _ Geman: 

power, As before, we see geometry to be more simple in its pheno- 
mena than mechanics, and that mechanics is depen(lent on geometry, 
without reciprocity. In fact, men were successfully inquiring’ Into 
| ihe forms and sizes of the heavenly bodies, anc studying their 
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“geometrical lays, before anything was known of the forces which 


* ^-^ Celestial chañged their positions. * Whereas, the province of 


Mechanics.. Celestial -Mechanics is to enalyse the motions of the 
stars, in order to refer them, by the rules of Rational Mechanics, to 
the elementary: motions regulated by a universal and invariable 
mathematical law 3—theace, again, departing to perfect the know- 

- Zedae, of xe motions by scientifically determiring them à, priori, 
taking-ftom observation the necessary data—the fewest possible— 
for the calculations of general mechanics. This is 


insensible; as in the theory of the Tides. But it is evident, that: 
the whole reality of celestial mechanics consists in its having issued 


subdivisions, we need not trouble ourselves w: 
In regard to the point.of view from whicl 
regarded, Lacaille thought it would simplify 
place his observer on the surface of the sun. And so it 
the thing could be done in accordance with positive knowledge ; 
but undoubtedly the solar station should be the ultimate and nof, 
the original one, under a rational System of astronomical study, 
And when, as in the case of this work, the object is the analysis of 
the scientific method, and the observation of the logical filiation of 
the leading scientific ideas, it matters less to obtain a clearer expo- 
sition of general results than to adhere to the positive method, i 
Suppose my readers to be well acquainted with the two funda- 
mental facts of the diurnal and annual rotation of our globe, as data 
without which nothing could be clearly understood of the essential 
methods and general results of astronomical science, I am not 
giving a treatise on astronomy, nor even a summary ; but a series 
of philosophical considerations upon the different parts of the 


science, in which any extended special exposition would be mis- 
placed. pos 


We must first see w] 
and are possessed of, 


would, if. 


hat methods of observation astronomers need, 
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METHODS OF STUDY OF ASTRONOMY. 


SECTION I. 


INSTRUMENTS. 


^ 


Arr astronomical observation is, as we have seen, comprehended in 
the measurement of times and of angles. The two 
considerations concerned in attaining the great per- 
fection we have reached are the perfecting the instruments, and the - 
application by theory of certain corrections, without which their 
precision would be misleading. 

The observation of shadows was the first resource of astronomers, 
when the rectilinear propagation of light was estab- 
lished. Solar shadows, and also Junar, were very Spar? 
valuable in the beginning ; and much was obtained from the simple 
device of a style, so fixed as to cast a shadow corresponding with 
the diurnal rotation to be observed: but the alterations rendered 
necessary by the annual motion, and impossible to make on that 
apparatus, renderéd the instrument unfit for precise observations. 
Again, by comparing the length of the shadow cast by a vertical 
style with the height of the style, the corresponding angular 
distance of the sua from the zenith was computed : and a valuable 
method this was: but the penumbra rendered the accurate measure- 
ment of the shadow impossible. 'Bhe difficulty, aggravated by its 
amount at different distances from the zenith, was partly 
the use of very large gnomons; but not completely. 


Observation. 


unequal 
removed by 


-These imperfections determined astronomers to get rid as soon as 


possible of the process of gnomonic measurement. Shadows will 
always be at hand to measure by when better means are wanting : 
and one application of this instrument remains in our observatories, 
—as the basis of the meridian line, regarded as dividing into two 
equal parts the angle formed by the horizontal shadows of the same 
Jength which correspond tp the two equivalent parts of the same 
day. In this case, the penumbra is harmless, as it affects the 
two parts equally; and as for the obliquity of the sun's motion, 
that may be mainly got rid of by choosing the) period of either 
solsticé,—especially the summer one. It is easy, to, to rectify the 


observation by thé stars. 
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Proceeding to more exact methods, and, first, with regard to 
measurement of time, it is clear that the most perfect of all chrono- 
meters is the sky. It seems as if it would'be enough, after knowing 
precisely the latitude of one’s observatory, to measure the distance 
of any star from the zenith, end learn its horary angle, and, as an 
immediate consequence, the time that has elapsed, by resolving the 
spherical triangle formed by the pole, the zenith, and the star. If 
a sufficiently wide observation of this kind had: been made, and 
numerical tables formed for certain selected Stars, great results 
might have been obtained from this natural method; but it is 
insufficient ; and it has the defect of making the measure of time 


depend on that of angles, which is the least perfect of the tivo, in^ 


our day. This method is therefore used only in the absence of a 
better, as in nantical astronomy ; and its commonest service is in 
regulating other chronometers, by a comparison with tht of the 
heavens themselves. Artificial methods of measuring time are 
therefore indispensable in astronomy. * 
Every phenomenon which exhibits continuous change might 
Artificial — Serve, in a rough way, to mark time: various chemi- 
methods. a] Processes, or even the beating of our own pulses, 
might afford a measure, more or less inaccurate: astronomical 
phenomena are excluded; because they are what We want to 
measure: and we therefore have recourse to physical means, and 
find weight the best. T'he ancients tried it in the form of the flow 
of liquids; and to water clocks succeeded the hour-glass; but the 
uncertainty of these led to solids being preferred ; aud in the forra 
of weight having a vertical descent. By no care, however, could the 
disturbances caused by natural forces be remedied, till Galileo, by his 
creation of rational dynamics, suggested the pendulum. Whether 
The pendutum, 1t ÍS or is not correct to assign to Galileo the idea of 
using the pendulum as a measurer” of time, it is cer- 
tain that his discoveries suggested it, and that Huyghens enabled 
us to mse it. He had recourse to the highest principles of science 
to render this service, and discovered the principle of vires vivas, 
which, besides being scientifically indispensable, afforded to art new 
means of modifying oscillations without changing the dimensions of 
the apparatus, Considered as acollection of discoveriés for a single 
aim, Huyghens' treatise De Horologio oscillatorio, is perhaps the 
most remarkable example of special researches that the history of 
the human mind has yet exhibited. From that time, the perfactine 
of astronomical clocks became merely a matter of art. In regard to 
fixed clocks, two things have to be attended to ;—tke diminut; 


A j z liminution of 
friction, by improved methods of suspension, and the correction by 


a compensating Apparatus of irregularities caused by vatiations of 
temperature. As for portable chronometers, worke y a spiral 
Spring, they B marvellous invention ; but they belong to the 
province of art, and not science. 


ar 
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In regard to the measurement of angles, it is clear that an instru- 
ment which would admit of an allowance for minutes Measurement 
and seconds, must be of a'size incompatible with min- angles ` 
ute precision. It must always be that large apparatus must be so. 
affected in its weight and temperature as to be impaired in its 
accuracy. ‘The large telescopes of mode!n times are intended to 
show us stars otherwise invisible :'and no one thinks of using them 
for purposes of precise measurement. It is generally agreed now 
that instruments for measuring angles should not be more than ten 
feet in diameter when we are dealing with an entire circle; and 
they are usually not more than six or seven. The wonder then is 
how we are to estimate angles to a second, as we do every day, with 
circles whose size would scarcelysindicate minutes. It is done by 
the concurrent use of three methods,—the eye-piece, the use of the 
vernier {so called after its inventor), and the repetition of angles. 

Tt was long before it occurred to astronomers to use their lenses 
for any other purpose than the discovery of new objects: but at last 
it occurred to them to replace the ancient transoms and modern 
sights by an eye-piece which should secure the advantages without 
the inaccuracies of a large instrument. Morin first made this use 
ofa lens. Auzont followed with his invention of the reticle; and, 
a century after, Dollond gave us a power of absolute precision by 
his invention of the achromatic object-glass. Vernier proposet in 
1631 to divide intervals into parts much more minute than could be 
marked. He enabled us to ascertain angles, within half a minute, 
or circles divided only into sixth-parts of a degree. | The precision 
obtainable by his simple apparatus is indefinite, being limited: only 
by our difficulty inedetecting the coincidence of the line of the 
vernier with that of the limb. The union of the third method with 
these two gives us the perfection we have attained. Tt is strange 
thatewe should have been so long in perceiving that, the imperfec- 
iion of angular instruments having nothing to do with the dimen- 
sions of the angle to be measured, wé should gain much by increasing, 
in fixed proportions, the magnitude of the angles, which is equivalent 
to diminishing the imperfection of the instrument. The repetition 
of angles served every purpose immediately, with regard to terres- 
trial objects, on account of the steadiness of the point of view ; but 
there was the difficulty, with-regard to the heavenly bodies, of their 
perpetual change of place. Borda Applied: himself to measure the 
distance from the zenith of the stars when they crossed the meridian ; 
and the star then remains sensibly at the same distance from the 
zenith long enough to allew the operation of the multiplication of 
the angle. By these means, angular instruments are matched with 
horary in regard to precision. ‘They require from the observer a 
diligent patience in applying all the minute precuutions and recti- 
fications which experience has proved to be indispensable to the 
fullest use of these instruments. 
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"Then, we have Roemer' meridional eyeglass, which fixes the 
instant of the passage of a star over the meridian, „The plane of 
the meridian is made in this case purely geometrical, by being 

" described by the optic axis of a simple eyeglass, properly disposed ; 
which is enough when all we,want to know is the precise moment 
of the star's passage. Théh there are the micrometrical instruments, 
by which we measure the diameters of stars, and; generally all small 
angular intervals. These are the material instruments of observa- 
tion,—horary and angular. We must now advert to the intellectual 
means, —that is, to the corrections which astronomers must apply 
to the results exhibited by their instruments, There would be little 
use in perfecting our instruments, if refraction and parallax intro- 
duced as much error into our observations as we had got rid of by 
the improvement of our apparatus. 

The corrections required are of two kinds. The first «elate to 

Requisite cor the errors caused by the position of the observer, — 

rections. the ordinary refraction and parallax. No degp 
astronomical knowledge is required for the correction of these. 

The second class, arising from the same cause, since they proceed 
from the observer being on a moving planet, are founded on primary 
astronomical theories: they are the annual parallax, the precession 
of the equinoxes, aberration, and nutation. Our business now is 
with the first and most important class, 


SECTION II. 


REFRACTION. 


The light which comes to us from any star must be more or less 
Refraction, turned aside by the action of the terrestrial atmos- 

` phere. We must estimate the amount of this devi- 

ation before our observations can answer any theoretical purpose. 
The star is, by this refraction, 3nade to appear too near the zenith 
while left in the same vertical plane. Only at the zenith is the 
error absent, while it increases as the star descends to the horizon, 
This error, primarily affecting distances from the zenith, must affect, 
indirectly, all other astronomical measurements, except azimuths: 
but it would be easy to calculate them, if we once knew the law of 
diminution and increase of refraction at different distances from the 
zenith. Philosophers have tried the logical way and the empirical 
and have ended by combining the two. i 
If our atmosphere. were homogeneous, the refraction of licht 
would be uniform and calculable. But our atmosphere is composed 
of strata; and the consequent refractions are excessively unequal; 
and increasing 93 the light penetrates a denser stratum, so that 
ils passage EN) a curve of the last degree: of complication. 
Even this would be calculable, with more or less ‘pains, if we knew 


le 


-Observations of the heavenly bodies made in different 
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the law of variation of these atmospheric densities: but we do not 
and cannot know that law. We have no exact knowledge of the 
laws of temperature, and cannot estimate atmospheric changes, 
either as to number or degree: and all mathematical processes 
founded on laws of pressure, etc., may, be good as exercises, but are 
of no value in estimating refraction. As ĝo the empirical method, 
if the refraction remained always* constant at the same height, we 
might construct tables; and, by extending our observations, and 
instituting various comparisons, we might hope to obtain such 
a mass of materials as would afford us some certain results. This 
is what astronomers havé, in fact, patiently and laboriously done, 
“by the help of thie improved instruments we have spoken of. They 
have used whatever geometrical help they could make applicable : 
but the results are discouraging enough. "There is nothing like 
uniformity in the results: for the changes in the atmosphere are 
beyond our calculation and measurement. We study the barometer, 
the thermometer, and the hygrometer, at the right moment; we can 
learn from them only the changes taking place on the spot in which 
we are; and our tables of refraction vary as our observatories, and 
even in one observatory at different times. Delambre found differ- 
ences of four or five minutes between one day and another, after 
taking all imaginable pains. All that we can do is to confine our 
observations to the nearest possible approach to the zenith, and to 
place no reliance on what we attempt near the horizon. By doing 
this, we shall find our astronomical observations less affected by the 
unmanageable difficulties of refraction than might be anticipated. 


^ 


^ SECTION IIL 


PARALLAX. 
eo e e 

The difficulty of ‘the parallaxes can be dealt with much more 
easily and satisfactorily than that of the refractions. — 5, gn, 
places could not be exactly compared without a reference, in idea, 
to those which would be made from an imaginary observatory, 
situated in the middle of the earth, which is besides the true centre 
of apparent diurnal motions. ‘This correction, which is called the 
parallax, is analogous to that which 4 constantly made in measufe- 
ments of the earth's surface, under the more logical name of 
réduction to the centre of the station. : 

"The effect of the parallax, like that of. refraction, is upon ihe 
distance of stars from the zenith alone, leaving the star in the same 
vertical plane, and placing it too far from the zenith, instead of too 
near, as in the case of refraction. In this instante too, as in the 
other, though not according to the same law, the deviation increases 
as the star descends to the horizon. In like mennef, too, there 
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must be secondary modifications for all the other astronomical 
quantities, except with regard to the azimuths. The rectification 
is easy in comparison with the other case?from the absence of the 
hopeless difficulties caused by our ill-understood atmosphere. "The 
similar course of the two difficulties, producing counteracting 
effects, has, we may obsdrve, relaxed the attention of astronomers 
io the facts of refraction and parallax, by parily concealing their 
influence on actual observations. 

The parallax does not, like refraction, affect all the stars alike, 
but, on the contrary, affects all unequally, and each according to its 
"position. It is insensible with regard io all which lie outside the 
limits of our system, on account of their immense distance; and ít“ 
varies extremely within our system, from the horizontal parallax of 
Uranus, which can never reach a half-second, to that of -the moon, 
which may at times exceed a degree. Here lies thie radica? distinc- 
tion, in astronomical calculations, between the theory of parallaxes 
and that of refractions. The determination of questions of parallaxes 
does not wholly depend, like that of refraction, on methods of obser- 
vation in astronomy, but is truly a portion of. science, Depending 
as it does, ultimately, on the estimate of the distances of the stars 
from the earth, it pertains to celestial geometry, through the 
necessity of knowing the: law of motion of each star. Thus, it 
constitutes a part of the science itself ; though; in the absence of 
direct knowledge of the distances of stars, an empirical method of 
determining the coefficients, analogous to that employed in the case 
of refraction, may be adopted. "Phe method which will suffice is ta 
choose a place and time which will show the proposed star passing 
the meridian very near the zenith: then to,measure, for several 
consecutive days, its polar distance, so as to know pretty nearly the 
amount of this distance at any moment of the process : and this 
-being laid down, then to calculate, for this instané, according ta the 
liorary angle and its two sides, the true distante from the star to 
the zenith, when it is considerabl 
too near the horizon (say from 75° 
son of this distance with that which is actually observed at the 
moment, will evidently disclose the corresponding parallax, and 
therefore the horizontal parallax, provided the due correction for 
the refraction has been made. This is the method by which it is 
most easily established that the-parallax of all the stars i absolutely 
insensible. . i: 

It is a serious inconvenience in this method, that all the uncer- 
tainty of the case of refraction is introdeeed into that of parallax. 
In regard to a body whose parallax is very great, 


rd to, à , as the moon. the 
uncertainty is of small consequence ; but in regard to the sun, or 
other distant hogy, an error of one-third, or even one-half, in the 


value of its horizontal parallax, might be occasioned. "Lhe method 
is absolutely inapplicable to the remotest of our planets; and not 


to 80°): and then, the compari-. 


y remote from it, without being ' 
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only to Uranus, but to Saturn and Jupiter. The rational method 

must be resorted to, in the case of these. The empirical method 

has been mentioned here from the philosophical interest which 

attaches to the fact that, up to à certain point, the true distances of * 
stars from the earth, at least in proportion to it$ radius, may be 

ascertained by observations made in or place; a thing which 

appears, at first sight, geometrically impossible. 


. SECTION IV. 


CATALOGUE OF STARS, 


^ 


a : 
I am disposed to give 2 place here, contrary to custom, to the 
Catalogue of stais, which I think should be reckoned Catalogue 
among our necessary means of observation in astro- & stars. 
nomy. ‘This catalogue is a mathematical table of directions by 
which we find the different stars. Such a determination is a basis 
of direct knowledge in regard to Sidereal astronomy: while, in 
: regard to our own system, it is simply a valuable means of observa- 
"E tion, which supplies us with terms of comparison indispensable for 
the study of the interior movements of the system. Such has been 
the essential use of catalogues of stars, from Hipparchus, who 
began them, to this day.—In order to fulfil their purposes, these 
catalogues should contain the greatest possible number of stars, 
spread over every region of the sky. Astronomers have done their 
duty well; for it, is a settled habit with them to determine, as far 
as they can, the éo-opdinates of every new star which they observe ; 
and thus our catalogues are very voluminous, and for ever augment- 
ing. Our business here is not with the system of classification 
and nomenclature adopted in these catalogues. The nomenclature, 
bearing as if does the marks of the primitiye theological state of 
astronomy, might be easily replace@by one of a methodical character, 
—the objects to be classified being of the simplest nature, and the 
distinctions being, in fact, only those of position. But it is this 
very simplicity which prevents the need from being felt as it would 
among morc complex elements,—useful as a rational system would 
no doubt be in finding and assigning the places of stars. The 
change will be made in time, no doybt, and the need is not urgent. 


b a A 
Stars are not known by their names, for astronomical purposes, but 


.by their descriptions; and the classification and nomenclature 
in the catalogue, resulting from the fundamental division of the 
circle, are as perfect as possible; and all else is of little importance. 
J would only ask that we should cease to speak of the magnitudes of 
stars, as marking their rank, and substitute the word brightness, in 
order to avoid all, risk of supposing stars to be targe, 01 small in 
proportion to théir brightness or dimness, ‘The worl brightness 
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would be a simple declaration of the fact, without judging the 
éauses, which we are far from understanding. 

By viewing these methods as I have bfought them together, we 
may trace the progress of the science from its earliest days. With 
regard to angular measurement, for instance, the ancients observed 
with exactness a degree a} the utmost; Tycho Brahe carried up the 
precision to a minute, and the moderns to a sedond ;—a perfection 
so recent, that observations which lie more than a century behind 
our time are considered, from their want of precision, inadmissible 
in the formation of astronomical theories. 

My object has been, chiefly, to show tlie harmony which exists 
among these different methods of observation ; a ‘tarmony which, * 
while it tends to perfect them all, up to a certain point, still re- 
stricts them all, by making each a limit to the rest. No improve- 
ment in horary or angular instruments, for instance, could carry us 
far, while our knowledge of refraction remains as imperfect as it is, 


But there is no reason to suppose that we have approached the 
limits imposed by the conditions of the subject. 


— 
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CHAPTER IIL.” 


GEOMETRICAL PHENOMENA OF THE HEAVENLY BODIES, 


1 d SECTION I. 


STATICAL PHENOMENA. 


Tar phenomena of our solar system divide themselves into two 
classes, —the Statical and the Dynamical. The first Two classes of 
class comprehends the circumstances of the star itself, phenomena. 
independent of its motions; as.its distance, magnitude, form, atmos- 
phere, etc.: the other comprehends the facts of its displacements, 
and the mathematical considerations belonging to its different 
positions. According to the usual analogy, the first is independent 
of the second; while the second could have no existence without 
the first. The Statical phenomena would exist if the system was 
immovable: while the dynamical are wholly determined by the 


Statical conditions. f 
“Mhe first thing necessary to be known about any heavenly body 


is its distance from the earth: and the difficulty of — Pranctary 
obtaining this ground for further observations is distances., 
extremely great,—the smallness of the base of our triangle, and 
the immensity of the distance of the planet, rendering all accuracy 
hopeléss in very many cases. Towards the middle of the last 
century, when it was desired to determine the liorizontal parallax of 


‘the moon,—the most manageable of the heavenly bodies,—Lacaille 


went to the Cape of Good Hope, and Lalande to Berlin, to observe 
its distance at the same moment from the zenith,—that moment 
heing appointed,—as the middle of an anticipated eclipse. The 
Stations were so chosen as to afford a pretty accurate knowledge of 
the extent of the line of the base——which was about as long a one $$ 
our elsbe could afford. The observations of the two distances of 
the moon from the zenith must thus afford the necessary data for 
the resolution of the triangle which must give the distance sought : 
and thus we ha$e obtained'a very exact knowledge of the moon's 
distance, which, at its mean, is about sixty terrestrial diameters, and 
about which we are sure that we cannot be mistaken to the extent 
of more than twelve miles.’ The same method “night serve to 
give us, though with much less precision, the distance ofgVenus and 
VOL. I. e I 
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even Mars, if the observation was made when they were nearest to 
the earth ; but it becomes too uncertain with regard to the sun. It 
would leave an uncertainty of at least am eighth, or about twelve 
millions of miles. Of course, it is of no avail with regard to yet 
more distant bodies. ais : 

The method used by astronomers under this difficulty is to measure, 
first, distances for which our small terrestrial bases will serve ; and 
on these, according to tneir related phenomena, to erect other cal- 
culations ; thus making of the first a basis for the support of new 
estimates. Aristarchus of Samos conceived of an Ingenious method 
of discovering the distance of the sun through that of the moon ; 
but the uncertainty about seizing the exact moment of the quadrature 
of the moon introduced fatal „inaccuracy into the calculation, 
Halley’s method, by means of the passage of Mercury and Venus 
over the sun, is more’ circuitous, and suitable only to an advanced 
state of geometrical science ; but it is far more accurate, and the 
only one now admissible, for determining the parallax of those 
planets and of the sun, and therefore the distance of the sun from 
the earth, through the differences in the transit observable at two 
very distant stations. By this method, we can estimate, within a 
hundredth part, the distance of the sun from the earth, This dis- 
tance being ascertained, we have it for a basis for other calculations. 
We have only to observe the angular distance from the sun to the 
proposed body, at two periods separated by six_months,—that is, 
from opposite points of the earth’s orbit. This gives us an immense 
triangle, the base of which is twice the length of the distance of 
the earth from the sun: and thus it is that our knowledge of the 
earth’s motion has helped us to a base twenty-four thousand times 
longer than the longest that can be conceived on our own globe. It 
is true, the planet observed will have changed its place in the interval B 
but the remoter planets,—which alone are in question here,—moye 
very slowly ;—Saturn’s circuit, for instance, occupying thirty years; 
and our times of observation being practically reducible to a shorter 
time than six months,—even to two or one, with regard to those 
planets of our system which move more rapidly; while the slower 
ones may be considered almost stationary, during such short; periods 
of time; and again, allowance can be made for this small change of 
place, according to the geometrical theory of its proper motion. ]£ 
is in this way that astronomers have attained to their knowledee of 
the positions of the remotest bodies of our system. The numbers 
by which we express their relations to the distance of the’ earth 

from the sun, are now certain to the third decimal at least, 

; The vast increase of. the basis of observation afforded us by our 
knowledge of the earth’s movement is clearly the greatest that we 
can attain. If we have cleared the bounds of our globe, we certainly 
canuot go beyond its orbit. Great as this distance appears to us, 
it vanishes'when we want to ascertain the distarices of stars outside 
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our system. All measurement is here so out of the question that 
the most we can do is to fix a limit within which they certainly are 
not,—saying, for instance, that the nearest star is at least two 
hundred thousand times more remote than the sun, or ten thcusand 
times further off than the remotest planet of our system ; which is 
quite sufficient; to establish the independenée of our system. 

When we have ascertained the*distance of the planets from the 
earth, it is easy to understand how we may find their distances 
from each other, since, in the triangle in which each is contained, 
two sides are already given, and the angle to the earth can always 
be measured. It is only with regard to the sun and the moon that 
“the distances to the earth are of importance. It is enough to know 
the distances of the planets from the sun, and of the satellites from 
their planets, which involve,little variation. ‘These are our means 
for ascertaining astronomical distances. As we might anticipate, 
our assurance is in proportion to the nearness; and great remoteness 
baffles us entirely. We see here again, as everywhere, that the 
most simple and elementary determination depends on the most 
delicate and complex scientific theories. his first case exhibits 
so much of the spirit of astronomical procedure, that we may go 
more rapidly through the other statical heads of celestial geometry. 

The distances of the stars from our globe being once ascertained, 
we can learn whatever we desire about their form 
and size by observation, if it be but precise enough, 
Their very distance is favourable to this ; for, while their motion or 
ours displays in turn all their possible aspects, our distance enables 
us to see at once the whole of each aspect. With regard to the most 
distant and the smallest, however,—to the stars outside our system, 
and the satellites of Uranus, and the small planets between Mars 
aud Jupiter—they can appear to us only as points of vivid light, 
and their sphericity is Concluded upon only through a bold induc- 
tion, But, in observing the larger planets of our system, we have 
only to measure their apparent diimeter in^all directions, after 
allowing for refraction and parallax. It is much easier to us to 
learn the form and size of sun and moon than of our own globe, 
since we have had the aid of glasses. ‘The only case of difficulty 
is that of Suturn's rings; as it ouce was with the moon, whose 
changing aspects greatly puzzled tlie ancients. The most simple 
geometry now solves the last diffieuy, and Huyghens has helped 
us over the first. With these exceptions, direct observation assures 
us that the planets are all round, with more or less flattening at. 
the poles and bulging at the equator, in proportion to the rapidity 
of their rotation, 

As for tlie size of the heavenly bodies, itis easily calculated from 
the measurement of the apparent diameter con;bined with the 
determination of the distance; and the only reason why men were 
so long and so widely mistaken about the dimensions of the planets 


Form and size. 
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was that their real distances were unknown, No rule as yet appears 
which connects these results with the order of the distance of the 
planets from the sun. All we know is that the sun is larger than 
" all the other bodies of the system put together, and in general that 
the satellites are much smaller than their planets, as the laws of 
celestial mechanics requite. With regard to the bodies outside of 
our system, as we have no knowledge of their distances, we are, of 
course, ignorant of their dimensions. ] 
It is by the occultation of stars, as starry eclipses are called, that 
Planctary we make observations on the atmospheres of the 
atmospheres. planets, by seeing what deviation their atmospheres 
cause in the light of the remote stars which they eclipse: As the 
sun’s light is prolonged to us by the refraction of our atmosphere, 
the atmosphere of a planet defers (only in a’much greater degree) 
the occultation of the star, and also shortens it; and the comparison 
of the apparent duration of the eclipse with that which it would 
otherwise be, gives us data for the calculation of the atmosphere 
which causes the deviation. It is thus that we learn that the moon 
has no appreciable atmosphere. The horizontal refraction which, 
on our globe, would reach thirty-four minutes, does not in the moon 
amount to a single second. And the inference that an atmosphere 
is wanting there is confirmed by M. Arago, who in a different path of 
inquiry, about the polarization of light reflected from liquid surfaces, 
has established the fact that there are not, on the surface of tlie 
moon, any great liquid masses, fitted to form an atmosphere. The 
next best-known case is that of Venus, which exhibits a horizontal 
refraction of thirty minutes, twénty-four seconds. As for the extent; 
of the atmospheres, it may be roughly conjectured from the cessation 
of the refracting power; but such conjectures must be very loose, 
as the refracting power may become imperceptible to us, far within 
the limits of an atmosphere becoming attenuated towards its verge, 
The strangest phenomenon is that of the telescopic planets, with 
the exception of Vesta ; the atniosphere of Pallas, for instance, being 
more than twelve times the diameter of the planet. ‘Lhe usual 
condition, however, appears to be that shared by our globe,—of an 
atmosphere which is very shallow in proportion to the dimensions 
of the planet : and this is nearly all we know. 
The remaining statical topic is that of the form and size of the 
Eartkès form earth, which hes been left to the last, on account of 
and size. its special nature. 
No glance of the eye will aid us here, nor any direct obsery 


Meansof Whatever, A long accumulation of indirect obs 
discovery. 


ation 


5 ; 7 1 erva- 
tions, serving as a basis for complex mathematical 


reasonings, are our only means. The geometrical aspect of the 
question must Le taken first, though it depends on the highest 
mechanical theories, and arises from a mechanical besinnine. In 
the infancy of mathematical astronomy, the variations exhibited in 
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different places by the. diurnal movement furnished the first 
geometrical proof of the earth being round. It was enough to 
establish its evidently and exclusively spherical character, that the 
change exhibited by the height of the pole on each horizon was ' 
always in exact proportion to the length traversed according to 
any meridian whatever: and this remains the source of all our 
geometrical knowledge of the form and dimensions of our planet. 
‘Astronomers reached their knowledge of its precise form through 
that of its size; for it was long before its deviation from the perfect 
spherical form was understood. In this, as in'every case, the form 
of any body is appreciable only by measuring its dimensions in 


* various directions; and here the only difficulty is in the measuring. 


The first principles of the discovery were given by Eratosthenes, in 
the early days of the schogl of Alexandria; but his method was 
never difectually employed till the middle of the seventeenth 
century, when Picard undertook to measure the degree between 


"Paris and Amiens. ‘This was the great starting-point of the 


measuring operations, which must have revealed, as they became 
more perfect, the truth that the earth is not a perfect sphere; but 
Newton, by his theory of gravitation, and with his one fact of the 
shortening of the seconds-pendulum at Cayenne, settled the. 
matter, by deciding that our globe must necessarily be flattened at 
the poles, and bulge at the equator, in the relation of 229 to 230. 
"l'he astronomers could not at once pronounce against the evidence 
of direct measurement, while the geometers saw the fact to be. 
certain; and the controversy between these two orders of philos- 
ophers, for half a, century, led to those scientific operations which 
have brought us all to one mind. The question was settled by the 
great expedition sent forth, above a century ago, by the French 
‘Academy, to measure, at the equator and the pole, the two extreme 
degrees of latitude whith must exhibit the widest variation from 
each other: and the comparison of these with, each other, and with 
Pieard's degree, terminated the cOntroversys and established, not 
only the truth of Newton’s discovery, but the very near accuracy 
of his calculation. All the experiments made since, in various 
countries, have united in confirming the fact of the continual 
lengthening"of degrees in approaching the pole. It does not follow 
that the figure of the earth has been ascertained with absolute 
precision. There are slight discrepatieies which may either be from 
imperfection in our estimates, or from the earth not being precisely 
an ellipsoid of revolution ; but whatever may be the result of 
future labours,-we know that we are near enough to the truth for 
all practical purposes, unless in questions of extreme delicacy. 
We have no absolute knowledge here, any more than in any other 
department; and we must be content to make ou; approximations 
niore complex as new phenomena arise to demand it. Such is the 
true character of the advances that have been made irf this science 
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from the beginning. Superficial observers may call its theories 
arbitrary, from the incessant changes of view that have arisen : but 
the knowledge gained has always been positive; every scientific 
opinion has corresponded with the facts which gave rise to it ; and 
such opinions remain therefore useful and sound at this day, within 
their own range. The science has thus always exhibited a character 
of stability, through all incidents'of progression, from the earliest 
days of the Alexandrian school till now. 
Such are the statical aspects of the planets of our system. We 
have now to look at the geometrical theory of their motions, 
Like all other bodies, the planets have a motion composed of 
Planctary translation and rotation. ‘The connection of these 
motions. two motions is so uatural, that when we know of the 
one we look for the other. Yet they present very different degrees 
of difficulty, and require separate consideration. (3 
The progression of the stars was observed long before their rota- 
tion—the unassisted eye being enough for the first; yet the geo- 
metrical study of their rotations is easier, because the motions of 
the observer have no effect upon them; whereas they largely affect 
questions of translation. And again, the question of orbits is the 
-chief difficulty of the study of translations; and it does not enter 
into that of rotations, ‘The latter nearly approaches to the character 
of statical questions ; and therefore it ought to be taken first in the 
exposition of celestial geometry. 
Galileo introduced the study of rotations by discovering that of 
5 the sun, which was sure to follow closely on the in- 
Rotation. s "TY A 5 
vention of the telescope. The method used is obvious 
enough, and the same in all cases ;—to observe any marks that may 
exist on the surface of the body, their displacement and return, 
The more such points of observation are multiplied, the more acen- 
rate and complete will be the calculations of time, magnitude, uni- 
formity of movement, etc., deducible from them, There is no more 
delicate task than this, except with regard to the sun and moon ; 
and none that more absolutely requires a, special training of the eye. 
It is a proof of this, that a careful and honest observer, Bianchini, 
supposed the rotation of Venus to be twenty-four times slower than 
it is. Some bodies, as Uranus, are too remote, and oihers, as the 
satellites and new planets, too small, to have tlieir rotation estab- 
lished at all, though it is corsluded from analogy and induction, 
We, as yet, know of no law determining the time of these rotations : 
they are not connected with distances, nor with magnitudes; and 
they seem only to have some general, bu’ not invariable, cotinection 
with the degree of flattening at the poles* But if the duration is 
though regular in each case, altogether irregular as regards the dif- 
ferent bodies, the case is much otherwise with the direction; for it 


Théy all follow the law of 
e orbital periods.—J. P. N. 


* The rotations of some of the satellites are known, 
the moon's rotation, namely, the time corresponds with th 
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is always, throughout our system, from west to east, and on planes 
| slightly inclined to that of the solar equator: and this constitutes , 
| an important general datum in the study of our globe. 

g i The study of translations, much more complex, is,also much more * 
- important, if we consider the great end of astrono- 
mical pursuit—the exact prevision of the state of the 

heavens at some future time. Besides that the movement of the 

earth constitutes an important element in such a study, if must 

make a difference with regard to other stars, whether the’ observer 

| is fixed or moving, as his own movement; must affect; his observation 
| of other motions. We niight indeed decide with certainty, without, 
* this introductor} knowledge, that the sun and not the earth is the 

true centre of the motions of allthe planets, as Tycho Brahe did 

when he denied our own motion ; for it is enough, with this view, 

to estabtish that the distances from the planets to the sun scarcely 

vary at all, while their distance from us varies excessively; and 

again, that the solar distance between each inferior planet aud the 

sun is less, and between each superior planet and the sun is greater, 

than our distance from the sun. But we cannot go further than 

this—we cannot determine the form of the planetary orbits, or the 
1 mode in which they are traversed, without making a careful and 
exact allowance for the displacement of the observer. Deferring 
for the present the subject of the earth's motion, we will briefly 
notice some important data connected with the planetary motions, 
which may be obtained without reference to our own movement, 
and which are so simple as to rank among statical researches. 
I méah particularly the knowledge of the planes of orbits, and of 
the duration of the sidereal revolutions, which has nothing, to do 
with the form of the orbits or the variable velocity of the planets. 
A plane being determined by three points, it is enough to observe 
three positions ofe star to draw a geometrical conclusion about the 
situation of the plane of its orbit. Astronomers do not now use, in 
these operations, the declinations 2nd right-ascensions, which are 
the only co-ordinates directly observed, but, for the sake of conveni- 
ence, tivo other spherical co-ordinates, improperly called astrono- 
mical latitude and longitude, which are analogous, with regard to 
the ecliptic,to the others with regard to the equator, After having 
determined the latitude and longitude of the planet in the three 
positions, its nodes are found; thatJs, the points at which its orbit. 
meets the plane of the ecliptic, and the inclination of the orbit to 
this plane. “It is evident that confirmation may be obtained by 
observing other, positions of the body, if they are chosen sufficiently 
remote from each other; and thus we may obtain a far greater pre- 
cision than in the case of rotations. It is thus that we have learned 
that the planes of all the planetary orbits pass through the sun ; 
and the same with regard to the satellites of any planet ; and that 
these planes are in general slightly inclined to the ecliptic, and more 


Translation. 
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slightly still to the plane of the solar equator, except the newly-dis- 
covered planets, in whose case we find the inclination much more 
considerable. f ‘ 

" The duration of the sidereal revolutions may, of course, be 
Sidereal directly observed, in the first instance, by looking for 
revolution. the return of the star to the same spot in relation to 

the centre of its motion. If we'suppose its motion to be uniform, 

- which we may for a first approximation, we can estimate its course 

by observing the time required between any of the three positions, 
without waiting for the total revolution, which is sometimes very 
slow. The geometrical law of this motion permits us to determine, 


from this kind of observation, the exact time of the planetary revo- 


lution. The values of these periodic times are not irregularly 
divided among the bodies of our system, like the other data that 
we have noticed. The shorter the course, the more rüpid the 
motion; and the duration increases more rapidly than the corre- 
sponding distance; so that the mean velocity diminishes in pro~ 
portion as the distance increases. We owe to Kepler the discovery 
of the harmony between these two essential elements, and it is one 
. of the most indispensable bases of celestial mechanics, 

Such isthe spirit of the methods by which celestial geometry is made 

to yield us the elementary data which characterize the bodies of the 


solar system. We have still to consider those of our own planet, be- 


fore we proceed to the geometrical laws of the planetary motions, 


Motion of the Earth. e E 


We are accustomed to think of the motions of translation and 
rotation as inseparable ; but, in the transition from supposing the 
earth to be motionless, to the present state of ou 
Hvidences of the a theory existed that it whirled round its axis; but 


Earths Motion. wag stationary in space. We now perceive that, in 
addition to the general evidéhce of th 
planetary bodies, we have Special evidence 
that the annual motion could xi 

we might logical] 


As the rotation of the earth cannot be absolutely uniform in all 


E me indications of its course must exist among 
tetrestrial phenomena. We snust therefore distinguish between 


E r oofs of our diurnal motion, while the 
annual motion admits only of the former, 


Immediate appearances go for nothing in this c. 
Ancient con- that, to our eyes (as we do not feel the rotation), 
ceptrons. it must be exactly the same thing whether we 
move round amoħg the heavenly bodies, or whether they, fixed in 
a system, move round us in a contrary direction, ‘There was 
nothing absard in the latter supposition, in the old days when men 


ase; for it is.clear 
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had no doubt of the stars being very near, and not much larger 
than they appear to the eye, while they exaggerated the size of the 
earth. ‘They could not avoid supposing that such a mass must be 
immovable, while the small stars, with their little intervals, were 
seen moving every day. Even whem the Greek astronomers had 
sketched out the trpe geometrical theory of the movements of the 
planets, they treated only of thé directions, and had no idea of 
measuring distances ; and it required the whole strength of positive 
evidence of dimensions and distances to uproot men’s strong and 
natural persuasion of the stability of their globe. From the 
moment of our obtaining an idea of the proportions of the universe, 


c 1 d A 
the old conception became foo revolting to reason to be sustained. 


When it was understood that the earth is a mere point in the 
midst of prodigious intervals, and that its dimensions are extremely 
small iif comparison with that of the sun, and even of other bodies 
of our own system, it was absurd to suppose that such a universe 
could travel round us every day. What velocities would be required 
to enable the outlying stars to complete such a daily circuit,—mak- 
ing allowance for their being twenty-four thousand times nearer 
the earth, if the earth describes no orbit,—and how small the move- 
ment of the earth, while those prodigious masses were travelling at 
such speed! On mechanical grounds, the centrifugal force would 
be seen to be unmanageable. In every way, the supposition was 
perceived to be monstrous. Again, the passage of stars before each 
other, and in a contrary direction to that of the general movement 
of the sky, showed that they were at different distances from each 
other, and not bound into an unvarying fabric. Hence arose the 
notion of Aristotle amd Ptolemy, of a system of solid aud transpar- 
ent firmaments. But the existence of comets alone was enough to 
confute this, appearing as they do in all regions of the sky in turn, 


As Fontenelle satd, this theory put the universe in How they 
danger of being fractured. It we , curiously enough, — uve way. 
Tycho Brahe, the most illustrious opponent of. the Copernican 
system, who pro 


vided for the overthrow of his own arguments by 
first presenting the tru 


e geometrical theory of comets. Long before 


modern precision was attained, men had been pre- ^  zartWs 
pared by suéh considerations as the above to conclude rotation. 
upon the rotation of the earth. Long before Copernicus, a rough 
conception of the truth existed. ven "Tycho Brahe felt the astro- 
nomieal superiority of the true theory ; but it seemed to be con- 
tradicted by what is before our eyes,—the fall of heavy bodies, etc. 
Copernicus himself could not remove the objections which arose 
out*of men’s ignorance of the laws of Mechanics. These objections 
held their ground for a century, till Galileo established the great 
Jaw which we have recognized as one of the three on which Rational 
Mechanics is based,—that the relative motions of different bodies 
are independent of the common motion of the whole. ‘Till this was 
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established, the supposition of the rotation of the earth was inad- 
missible.. It is a curious fact, casting much light upon the action 
of the human mind, that the opponents of Galileo taunted him with 
“the so-called fact that a ball let down from the top of the mast of a 
ship in motion would not fallat the foot of the mast, but some way 
behind,—neither they nor anybody else having tried the experiment, 
which would have shown them*that their supposed fact was a 
mistake. The followers of Copernicus did worse—they admitted 
the so-called fact, but tried to reason away its bearings with 
fantastic subtleties. The matter was pot settled even by the 


demonstrations of Galileo, nor till Gassendi compelled observation 


by a public experiment in the port of Marseilles. 

That order of experiments hasbeen carried on, and would be of 
high value if we could obtain perpendicular stations of sufficient, 
height for the purpose. It is clear that a lofty tower must'describe 
a larger circle in the same time at the top than at the base; and 
that any body dropped from it must share the higher rate of 
velocity, having a slight horizontal velocity in the direction of the 
earth’s rotation,—falling therefore a little to the east of the base of 
the tower. Omitting the consideration of the resistance of the air, 
this amount is calculable in the function of the height of the tower 
and of its latitude ; but experiment would also be valuable; and it 
is to be hoped that it will be tried at the equator, where the devia- 
tion must be greater than anywhere else. 

The most certain, terrestrial proof of the earth's rotation is found 

by tracing the influence of the centrifugal force; upon 

cro force the direction and intensity of weight. his has been 
won gravity. done by that observation of Richer, on the shortening 
of the seconds-pendulum at Cayenne, which has been mentioned as 
having emboldened Newton to declare the true figure of the earth, 
The deviation from the spherical form is ‘too small to accourt for 
more than one-third of the effect observed; and the other two- 
thirds are precisely what would be required, at the equator, where 
the centrifugal force is greatest, on the supposition of the earth's 
rotation. Wherever the delicate observation can be made with 
sufficient precision on other points of the globe's surface, the result 
answers to the theory. Thus, we should have sufficient assurance, 
in.the absence of the abundant. astronomical proofs that we possess 
' of the rotation of the earth. Probably no one fact has ever, in the 
history of our race, produced such consequences as that observation 
of Richer’s,—two-thirds of the estimated effect having completely 
established the rotation of our globe, and the other third having 
led Newton to the ascertainment of its form, can 

The movement of translation is ascertai 

Earth's trans- Mical proofs, for the diffe 
_ lation. - various parts of the globe, 
1s too slight to be sensible to us, or t 


nable only by astrono- 
Tence in velocity of the 
In virtue of this motion, 
o produce any effect on 
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lerrestrial phenomena, When the circuits of other planets were 
known, men’s minds were prepared for that of the earth—the 
question then being whether the earth was in analogy with Venus, 
Mars, Jupiter, etc., or whether, while they continued their courses“ 
round the sun, the sun made a yearly circuit round the earth. 
Reason must declare, in such a case, that any uncertainty must 
arise simply from the position of the observer, who, placed ‘on any 
other planet, would have doubted whether he was not the centre of 
the heavenly motions. Any observation of mere appearances must 
evidently go for nothing ip this case ; as appearances must be exactly 
the same,—the parallelism of its axis of rotation being unaltered,— 
whether the earth or the sun is in the ecliptic, and the other in the 
centre. The proofs must be dezived from better testimony than 
mere appearances ; and they, so abound. that we have only to choose 
among those which are presented by the whole range of the heavens. 
The phenomenon called the precession of the equinoxes was 
observed by Hipparchus, who was. struck by the Precession of 
difference of two degrees which he observed between tte equinozes. 
thelongitudes of stars in his time and those which had been recorded 
a century and a half before. To account for such a phenomenon, 
successive astronomers imagined other heavens; a process that 
they repeated with regard to nutations, which was a phenomenon 
too minute for their observation. To account for it, on the supposi- 
tion of the earth, being stable, a third general movement of the 
whole heavens must be supposed. Newton indicated and Bradley 
aftervards proved, that very slight alterations in tlie parallelism 
of the earth’s axis,—such alterations as must result from the 
influence of the sun, and yet more of the moon, upon the equa- 


.iorial bulge,—precisely account for the perturbations which create 


such confusion under the ancient view of the earth’s stability. "Phe 
moss unquestionable proof of all, however, is in that class of pheno- 
mena called the retrogradations and stations'of the  Retrogradations 
planets, which are perfectly explaified by the annual and stations of 
Circuit of our globe, and are otherwise quite incom- E 
prehensible. If two boats are gliding down a river, at different 
rates of speed, the one must appear to the other advancing, 
stationary, or retrograde, according as its own speed is smaller, 
equal, or greater. With regard to the heavenly bodies, their 
velocities and other circumstances are known to us, so that we 
can calculate what their courses ought to be to our eyes, on the 
supposition of our own annual movement. The appearances answer- 
ing ‘to our scientific expeetation, the proof is practically complete. 
If the earth moves, the retrogradatiqn of the larger planets ought 
to happen, as it does, when they are in opposition, and that of Venus 
and Mercury when they are in inferior conjunction. The regular 
occurrence of thig coincidence was not even attempted to be ex- 
plained by the ancients. ; 


140 POSITIVE PHILOSOPHY. 


We have called these proofs practically complete ; and they were 
held to be so by Copernican philosophers before the time of Kepler 
and Galileo: but our age is not satisfied without a more strict 

. mathematical evidence, amounting to demonstration. 
The one demonstration on; which modern science rests is that 
Aberration derived from the various phenomena of the aberration 
of light. of light, which are quite incompatible with the stabil- 
ity of the globe. Roemer’s observations of the satellites of Jupiter 
suggested to him the use of light as a measure of distance. Know- 
ing what changes must be taking place at various distances from 
us in the heavens, and knowing the velocity of light, the variations 
in time at which the changes become visible to us will be a measure“ 
of our change of place and distance. For instance, the first 
satellite of Jupiter is eclipsed every forty-two hours and a half. 
‘The eclipse will take place in a shorter or a longer time than this 
to our eyes, in proportion as we are removed to the one side or the 
other of our mean distance from Jupiter, on account of the smaller 
or greater space that the light will have to travel through. By 
extending our observation, not only to the other satellites of Jupiter, 
but to those of Saturn and Uranus, we have obtained further 
verifications of the relation of our orbit to theirs, and also, proof of. 
the uniformity in the passage of light,—at least within our own 
system. Ifthe earth were immovable, we might have an error of 
time, with regard to distant stars, but not of place: but, by com- 
pounding the velocity of the earth in its orbit with that of light, 
which is about ten thousand times greater, we can calculate how fer 
any star ought to appear to deviate from its position. This devia- 
lion is found not to exceed, at its maximum, twenty seconds in any 
direction? and therefore forty seconds is the greatest deviation 
Which can appear in the position of any star in the course of the 
year. It was the striking periodicity of these deviations which: led 
Bradley to seek for the true theory in the combination of the motion 
of the earth with that of light, and to work it out with the mathe- 
matical exactness permitted by modern science: and there is 
nothing in the case to prevent the direct application of the mathe- 
matical process to the visible phenomena. ‘The result is an unques- 
tionable demonstration of the annual movement of the-earth, with 
which all the phenomena of the case precisely agree, and without 
^ which they could not exist, s 
It is evident that this knowledge of aberrations compels us toadd 
another correction to those of refraction and parallax, ‘and the same 
is the case with regard to the precession of the equinoxes and nuta- 
"tion. Thus, as science advances, the preparation of a plenomenon 
observed with the best instruments, for scientific use becomes E 
delieate and laborious operation. 4 s 

These are the considerations which have led men to the know- 

ledge of the double motion of the planet we inhabit. No other in- 
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tellectual revolution has eyer so thoroughly asserted the natural recti- 
tude of the human mind, or so well shown the action  jyguence of 
of positive demonstration &pon definitive opinions ; for scientific fact 
no other has had such obstacles to surmount. A very “2 Opinion. 
small number of philosophers, working apart, without any other 
social superiority than that which attends positive genius and real 
science, have overthrown, within two centuries, a doctrine as old as 
our intelligence, directly established upon the plainest and com- 
monest appearances, intimately connected with the whole system of 
existing opinions, general, interests, and dominant authorities, and 
supported moreover by human pride, powerful in the recesses of 
"each individual? mind. The whole system of theological belief 
rested on the notion that the entire universe was ordained for Man, 
a notion which appears truly absurd the moment it is seen that our 
globe isonly a subaltern star,—not any centre whatever, but circu- 
lating in its place and season, among others, round the sun, whose 
inhabitants might, with more reason, claim the monopoly of a system. 
which is itself scarcely perceptible in the universe. The notion of 
final causes and providential laws undergoes dissolution at the same 
time; for, the once clear and reasonable idea of the subordination 
of all things to the advantage of Man being exploded, no assignable 
purpose remains for such providential actfon. As the admission of 
the motion of the earth overthrows the whole theory founded on the 
human destination of the universe, if is no wonder that religious 
minds revolted from the great disclosure, and that the sacerdotal 
power, maintained a bitter rage against its illustrious discoverer. 
The’ Positive philosophy never destroys a doctrine without 
instantly substituting a conviction, adequate to the needs of our 
liuman nature. If the vanity of Man was grievously humbled when 
science disabused him of his notion of his supreme importance in 
the aniverse, to this vanity at once succeeded a lofty sentiment of 
his true intellectual dignity, when he saw what means were in his 
power, under such difficulties as his*position imposed upon him, for 
the discovery of such a truth as he had attained. Laplage has 
pointed this out, showing how to the fantastic and euervating notion 
of a universe arranged for Man has succeeded the sound and vivify- 
ing conception of Man discovering, by a positive exercise of his 
l laws of the world, so as to be able to modify 


intélligence, the genera. í vorid, § e al 
them, for his own good, within certain limits. Which is the nobler 


lot2 „Which is most in harmony with our highest instincts ? 
Which is the most stimulating to our faculties? And which is the 
most animatingsto our feelings ? 6 ] 

One more remark suggested by these discoveries 1 u 
distinction is for ever established between our system and the unt- 
verse at large. The old notion of the universe as a single system 
was founded on the error of the stability of the earth as its centre. 
The discovery of the earth’s revolution at once transported all the 


s that a clear 
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external stars to distances infinitely more considerable than the 
greatest planetary intervals, and has left no place for the idea. of 
system at all, beyond the limits of our sun’s influence. We do not 

‘know, more or less, and men will probably never know, whether the 
innumerable suns that we see compose a general system, or any 
number, large or small, of partial systems entirely independent of 
each other. "Phe.idea of the universe therefore is excluded. from 
positive philosophy ; and that philosophy is, strictly speaking, 
bounded by the limits of the solar system, in regard to definite 
yesults ; and this circumscription is, as elsewhere, to be regarded as 
real progress. ‘This restriction is further justified by the knowledge 
we have obtained of all really universal phenomena being essentially “ 
independent of the interior pheaomena of our System, since the 
astronomical tables of the state of our system, prepared without ref- 
erence to any other sun than our own, invariably coincide with the 
minutest direct observations. he theory of the earth's revolution 
lias not as yet exerted its due influence on our views, and especially 
in regard to this last consideration. . This is doubtless owing to the 
imperfections of our education, which keep back these high philo- 
sophical truths till even the best minds have been possessed with 
an opposite doctrine: so that the positive knowledge which they 
afterwards attain commonly does little more than modify and 
restrain the bad tendencies of their education, instead of ruling and 
guiding their highest faculties, 


na 


Kepler's Laws. 


The first idea that occurs to us when we are once satisfied of the 
revolution of the earth is that our point of view ought henceforth to be 
Annual the centre of the sun. This téansformation of oue ob- 
garallaz, servation is called the annual parallax, and follows the 
same rules as the diurnal parallax, allowance being made for the 
much greater distance. Whether our observations of the sidereal 
heavens are geocentric’ or heliocentric,—irom the middle of the 
earth or of the sun,—is of no appreciable consequence ; but within 
our system the annual parallax is of sensible importance. When, 
from the central point of vie 
mined, we cau proceed to that “reat aim and e 
the prevision of future conditions of the heavens at appointed times, 
The earliest, supposition was that the motions of the planets were 
y uniform and circular. The ancients-had a supersti- 
Coulee, tionlabiheit Writings abundantly show, that the circle 
was the most perfect of all forms, and therefore the most suitable 
for the motion of such divine existences as the Stars, Their choice 
of the form was wise: they had to Suppose some form, while that of 
the circle aswered best to what they saw; and we ourselves now 


nd of the science, — 


w, the orbits of the planets are deter- . 
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take it provisionally in forming the theory of a new star. But the 
superstitious attachment of the ancients to this form was a serious 
impediment to the advante of astronomy. For every deviation and 
new appearance a new circle was supposed, till all the simplicity ^ 
of the original hypothesis was lost in a complication of epicycles. 
By the end of the sixteenth century the number of circles supposed 
necessary for the seven stars thensknown amounted to seventy-four, 
while Tycho Brahe was discovering more and more planetary 
movements for which these circles could not account. ‘Thus it is 
that men cleave to old ideas and methods till they ùre utterly worn 
ont, and proved beyond fecal to be ineffectual, under all additions 
that can be made to them. 
Then came Kepler, the first man for twenty centuries who had 
the courage to go back to the beginning, as if nothing eerren. 
had been done in the way of theory. He. took for his 
materials the complete system of exact observations which were the 
result of the life of his illustrious precursor, Tycho Brahe. Not- 
withstanding the natural hardihood of his genius, his works reveal 
to us how strenuously he had to maintain his enthusiasm, in order 
to support the toils of so bold and difficult an enterprise—rational 
as it was. He chose the planet Mars for study; and it was a 
happy choice ; because the marked eccertricity of that planet was 
most apt to suggest the true law of irregularity. Mercury is more 
eccentric still; but it does not admit of continuous observation. 
He discovered three great: laws, which, extended from the case of 
Mars to that of all the other planets in our system, constitute the 
foundation of Celestial Mechanics. Whe frst: law rr 
regulates the velocity ; the second determines the 
figure of the orbit: the third establishes harmony amongeall the 
planetary motions. > [ 
It had long been remarked that the angular velocity (that is, the 
larger or smaller angle described, in a given time, by apr 
. dts vector radius) of each planet incseases constantly ME 
in proportion as the body approaches the centre of its motion ; but 
the relation between the distance and the velocity remained wholly 
unknown. Kepler discovered it by comparing the maximum and 
minimum of. these quantities, by which their relation became more 
sensible. He found that the angular velocities of Mars at its nearest 
_ and furthest distance from the sun were in inverse proportion to the 
squares of the corresponding distances. Another way of expressing 
this law is used by himself; that the area described in a given time 
by the vector radius of the planet is of a constant magnitude, though 
its form is variable: or, again, in other words, that the areas described 
increase in proportion to the times. Thus he destroyed the old 
notion of the uniformity of the planetary motions, and showed that 
the uniformity was not in the ares described, but in the areas. 
‘The second law was less difficult to discover, when o2ce Kepler 
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had surrendered his attachment to the circle. The next figure that 
presented itself must naturálly be the ellipse, which 
is the simplest form of closed curve, after the circle. 
-The Greek geometers had advanced the abstract theory of this 
curve some way: . Kepler could not long hesitate where to place the 
gun in it: it must be either in the centre or in one of the two foci, 
No mathematical labour was needyd to show him that it could not 
be in the centre: and Mus, in constructing elliptic orbits, Kepler 
was necessarily led to place the sun in the focus for all the planets 
at once, His hypothesis once formed, it was easy to verify it by 
comparison with observations, the first principles of the required 
enlenlations being laid down beforehand. The» second law of 
Kepler then is that the planetary orbits are elliptical, having-the 
sun for their common focus. j 
These two laws determined the couse of each planet ; but the 
movements of all round their common focus seemed 
to be purely arbitrary, till Kepler discovered his 
third law. Being distinguished by the most remarkable genius for 
analogy ever seen in man, Kepler sought, and successfully, to 
establish some kind of harmony among all these various move- 
ments. He spent much time in pursuing the old metaphysical 
ideas of certain mystic harmonies which must exist in the universe : 
but, beyond the general conception of harmony, he obtained no 
assistance from these vague notions. ‘I'he ground on which he pro- 
ceeded was, in fact, the observation of astronomers that the plane- 
tary revolutions are always slow in proportion to the extent of their 
orbits. If he had confined himself to this ground, this discovery 


Second law. 


Third law. 


* 


would certainly not have occupied seventeen years of assidudus toil.. 


At last his labour issued in the discovery that the squares of the 
times of the planetary revolutions are proportional to the cubes of 
their mean distances from the sun: a law whigh all subsequent 
observations have verified. One important result of this law is that 
we may determine the periodic;times and mean distances of all the 
planets by any one. By it, for instance, we have determined the 
duration of the year of Uranus, when once we knew its distance 
from the sun: and, conversely, if we discovered a new planet very 
near the sun, we need only observe its short revolution, to be able 
to calculate its distance, which, in that position, we could not effect 

py other means. Astronomers are every day using this double 
facility, afforded them by Kepler’s third law. 

These are the three laws which will for ever constitute the basis of 
celestial geometry, in regard to planetary motions. They answer 
for all the bodies in our system, regulating the satellites, by placing 
the origin of areas and the focus of the ellipse in the centre of the 
respective planets. Since Kepler's time, the number of bodies in 
our system has more than trebled; and all have in turn verified 
these laws., By them, motions of translation’ require for their 
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determination nothing more than a simple geometrical problem, 
which demands from ditect observation only a certain number 
of data,—six for each planet. And thus is a perfectly logical 
character given to astronomy. 

The application of these laws, restricted to onr°own system, is 
naturally divided into three problems: the problem 
of the planets ; that of the satellites; and that of the 
comets. Theseare the three general cases “of our system ; and, by 
the application’ to them of Kepler's laws, we may assign to every 
hody within the system, its precise position, in all time past and all 
time to come: and thence again, we can exhibit all the secondary 
»phenomena, piskang future, which must result from such relative 
positions. ‘he next striking fach of this kind to the general mind 
is the prediction of eclipses, absolutely conclusive as Prediction 
it is, with regard to the accttracy of our geometrical of Pelipses. 
knowledge. This kind of prediction, quite apart from the vague 
prophesying of ancient times, when eclipses occurred, as they do 
now, necessarily from the planetary orbits being all closed curves, 
and which men's experience told them must return,—began in the 
immortal school of Alexandria; and its degree of precision, to the 
hour, then to the minute, then to the second, faithfully represents 
the great’ historical phases of the gradual perfecting of celestial 
geometry. It is this which will, apart from all other considerations, 
for ever make the observation of eclipses a spectacle as interesting 
for philosophers as for the public, and on grounds which the spread 
of the positive spirit will render, we may hope, more and more 
analogous, though unequally energetic. 

We ure learning to make more use of this class of phenomena, 
and to make out new uses from them, as time goes on. Independently 
of their practical utility in regard to the great problem of the 
longitudes, they have been found, within a century, very important 

- jn determining with more exactitude the distance of the sun from 
our earth. Whether it be an eclipsa,by the moon, or the transit of 
Venus or Mercury, the difference in duration of the phenomenon, 
observed in different parts of the earth, will furnish — Zransit of 
the relative parallax of that body and the sun, and Venus. 
consequently. the distance of the sun itself. Some bodies are more 
fit than others for this experiment, certain conditions being neces- 
sary, which are not common to all. Of the three known bodies 
which can pass between us and the sun, two—the Moon and Mereury 
—are éxcluded by these conditions ; and there remains only Venus. 
Halley taught us how to conduct and use the observation. The : 
parallax, in such’ a position, offers suitable proportions, being nearly 
three’ times that of the sun; and the angular velocity is small 
enough to allow the phenomenon (lasting from six to eight hours) 
to present differences of at least twenty minutes between well-chosen 
observatories. I have specified this case, on ‘account of its extreme 
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importance to the whole system of astronomical science ; but it 
would be quitting our object and plan to notice any other secondary 
cases. i 
I must remark upon one very striking truth which becomes ap- 

parent during the pursuit of astronomical science ;—its distinct and 
ever-increasing opposition as it attains a higher perfection to the 
theological and metaphysical spirit. Theological philosophy sup- 
poses every thing to be governed by will; and that phenomena 
are therefore eminently variable and irregular, —at* least virtually. 
he Positive philosophy, on the contrary, conceives of them as 
subjected to invariable laws, which permit us to predict with 
absolute precision. ‘The radical incompatibility of these two views 
is nowhere more marked than in regard to the phenomena of the 
heavens; since, in that direction, our prevision is proved to be 
perfect. ‘The punctual arrival of comets and eclipses, with all their 
train of minute incidents, exactly foretold, long before, by the aid 
of ascertained laws, must lead the common mind to feel that such 
events must be free from the control of any will, which could not 
be will if if was thus subordinated to our astronomical decisions. 

The three laws of Kepler form the foundation of the higher 

Foundation conception to which we are next to pass on; the 

of Celestial mechanica? theory of astronomical phenomena. By 

Mechanics. — this ulterior study, we obtain new determinations ; 
but a more important office of the Mechanical theory is to perfect; 
celestial geometry itself, by giving more precision to its theories, and. 
establishing a sublime connection among all the parts of our solar 
system, without exception. The laws of Kepler, inestimable as 
they are, have come to be regarded as a sort of approximation,— 
supposing, as they do, various elements to be constant, while the 
are subject to more or less alteration. The exact knowledge of the 
laws of these variations constitutes the principal astronomical result 
of celestial mechanics, independently of its own high philosophical 
importance. ' i E 


SECTION II. 
DYNAMICAL PHENOMENA. 


1 Gravitation. 


The laws of Motion, more difficult to discover than those of. ex- 
Character of tension, and later in being discovered, are quite as 
laws of Motion. certain, universal, and positive in character: and of 

course it is the same with their application. Every curvilinear dis- 
placement of any kind of body,—of a star as well as a cannon-ball, 
—may be studied under the two points of view which are equally 
mathematical: geometrically, in determining by direct observation 
the form cf the trajectory and the law by which its velocity varies, 


— 
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as Kepler did with the heavenly bodies; and mechanically, by 
seeking the law of motion which prevents the body from pursuing 
its natural straight course, and which, combined with its actual 
velocity, makes it describe its trajectory, which may henceforth be 
known @ priori. These inquiries axe evidently equally positive, 
and in like manner. founded upon phenomena. Tf we find still in 
use some terms which seem to relate to the nature and cause of 
motion, they are only vestiges of a mode of thinking long gone by; 
and they do not affect the positive character of the research. 

‘Nhe two motions which, constitute the course of the cannon-ball 
are perfectly known to us beforehand; but we have not the geo- 


* *metrical knowledge of its trajectory. With regard to the star, our 


knowledge of its trajectory compensates exactly for the difficulty 
of our preliminary ignorance about its elementary motions. If the 
law of ¢he fall of weights had not been directly established, we 
should have learned it, indirectly, but no less surely, from the 
observation of the curvilinear motions produced by weight. 

Celestial Mechanics was then founded on a firm basis, when 
through Keplers laws, and by the rules of rational — 5, histo 
Dynamics, discovery was made of the law of direction ~~" pte 
and intensity of the force which must act upon the planet to divert 
it from the tangent which it would naturally describe. ‘This 
fundamental law once discovered, all astronomical researches enter 
into the domain of Mechanics, in which the motions of bodies are 
calculated from the forces which impel them. This was the course 
philosophically and perseveringly pursued by Newton. 

Tt does not detract from Newton's merits that Kepler had some 
foresight of the results of his great laws. He carried their dynamic 
interpretation as far as the science of his day permitted ; and, seeking 
for what could not yet be found, he wandered off among fantasies. 
The etrue precursors of Newton, as founders of dynamics, were 
Huyghens and Galileo,—especially the last: yet history tells of no 
such succession of philosophical efforts as in the case of Kepler, 
who, after constituting celestial geometry, strove to pursue that’ 
science of celestial mechanics which was, by its nature, reserved for 
a future generation. ‘As the means were wanting, he failed; but 
the example is not the less remarkable. 

The first of Kepler’s laws proves that the accelerating foree.of 
each planet is constantly directed towards the sun. The accelerat- 
ing force, however great it may be supposed, does not at all affect 
the magnitude of the area which would be described in a given time. 
by the vector radins of the planet, in virtue of its velocity, if its 
direction passes exactly through the sun, while it would inevitably 
change it on any other supposition. Thus, the permanence 0 this 
area,—the first general datum of observation,—discloses the law of 
direction. ‘The great difficulty of the problem, gloriously solved by 
Newton, lies in the discovery, by means of Kepler's other two theorems 
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of the law of the intensity of this action, which we speak of as 
exercised by the sun on the planets. l 
When Newton began to work on this conception, he tool 
^ Kepler's third law as his basis, supposing the orbits, as he might do 
for such a purpose, to be cireular and uniform. The solar action, 
equal, and opposed to the centrifugal force of the planet, thus 
became necessarily constant at the different points of the orbit, and 
could not vary but in passing from one planet to another. This 
variation between one planet and another was provided for by the 
theorems of Huyghens relating to the centrifugal force in the 
circle. ‘This force being in proportion to the relation between the 
radius of the orbit and the square of the periodic time, must vary” 
from one star to another inversoly to the square of its distance 
from the sun, in virtue of the permanence which Kepler showed 
to exist of the relation between the cube of this distaace and 
this same square of the periodic time, for all the planets. It Was 
this mathematical consideration which put Newton in the way of 
his great discovery, and not any metaphysical reasonings, such as 
prevailed before it, and which probably never entered his mind, 
one way or another. 

There remained the difficulty of explaining how this law of the 
variation of the solar action agreed with the geometrical nature of 
the orbits, as exhibited by Kepler. The elliptical orbit presented 
two remarkable points,—the aphelion and the perihelion, in which 
the centrifugal force was directly opposed to the action of the sun, 
and consequently equal to it; and the change in this action. there 
must be at the same time more marked. "Phe curve of the’ orbit 
was evidently identical at these two poiuts; the action then had 
simply to be measured, according to Huyghens' theorems, by the 
square of the corresponding velocity. Thence, it was easily deduced, 
from Kepler's first law, that the decrease of the solar action, ftom 
the perihelion to the aphelion, must be inversely. to the square of 
the distance. Here was a fall confirmation of the law which 
related to the different planets by an exact comparison between the 
two principal positions of each of them. Still, however, the elliptical 
motion had not been considered. Any other curve would, thus far, 
have served as well as the ellipse, provided its two ext.emities had 
shown an equal curvature. The remaining portion of the demonstra- 
tion,—the measurement of the solar action throughout the extent 
of the orbit,—is to be obtained only by transcendental analysis. The 

-process is necessary for carrying on the comparison of the solar 
action and the centrifugal force; and the theory of the curvature of 
the ellipse is required. Huyghens made a near approach to the 
principle of this great process ; but it could not be completed without 
the aid of the differential analysis, of which Newton was the 
inventor, as well as Leibnitz. By the aid of this analysis, the force 
of the sola? action in all parts of the orbit is easily estimated, in 


t 


* earth upon it; and its trajectory is always concav 
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various ways ; and it is found to vary inversely to the square of the 
distance, and that it is independent of the direction. Newton's 
Furthermore, the same method shows, in accordance demonstration. 
with Keplers third law, that the action varies in proportion to. 
distance alone; so that the sun acts upon all the planets alike, 
whatever may be their dimensions, their. distance only being the 
circumstance to be considered. * Thus Newton completed his 
demonstration of the fundamental law that the solar action is, in 
every case, proportionate, at the same distance, to the mass of the 
planet; in the same way that, by the identity of the fall of all ter- 
yestrial bodies in a vacuum, or by the precise coincidence of their 
oscillations, proof had already been obtained of the proportion 
between their weight and their emasses. We thus see how the 
three laws of Kepler have concurred in’ establishing, according to. 
the rules of rational mechanics, this fundamental law of nature. 
‘The first shows the tendency of all the planets towards the sun ; 
{the second shows that this tendency, the same in every direction, 
changes with the distance from the sun, inversely to its square ; 
and the third teaches that this action is always simply proportionate, 
the distance being equal, to the mass of each planet. In accord- 
ance with the laws of Kepler, which relate to the whole interior of 
our system, the same theory applies fo the connection between 
the satellites and their planets. 

Newton thought it necessary to complete his demonstration by 
presenting it in an inverse manner ; that is, by determining d priort 
the planetary motions which must result from such a dynamic law. 
The process brought him back, as it must do, to Kepler's laws. 
Besides furnishing some means of simplifying the study of these 
motions, this labour proved that, whereas, by Kepler's laws, the 
orbit might have had more figures than one, the ellipse was the only 
onespossible under the Newtonian law. k : 

Tt was once agreat perplexity to some people, which others could 


not satisfactorily explain, that wlien the planet is Old dificulty 
travelling towards its aphelion we cannot say that it “plained. 
tends towards the sun. But the difficulty arose out of the use of 


inappropriate language. The question is, not whether the planet is 
nearer to tie sun than it lately was, but whether it is nearer than it 
would have been without the force that sends it forward. It is 
always tending towards the sun to the utmost that is allowed by the 
other.force to which it is subjected. he orbit is always concave 
towards the sun; and it would evidently have been insurmountable 
if the trajectory could have been convex. Tn the same way, When a 
bomb ascends, its weight is not suspended or reversed: it always 
tends towards the earth, and is, in fact, falling towards it more rapidly 
every moment, even if ascending, because it is every moment further 


below the point atwhich it would have been but for the action of the 
e to the ground. 


^. demonstration. 
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I have thus far carefully avoided giving any name to the tendency 
tae. Of the planets towards the sun, and of the satellites 
Wontnadmi. towards the planets. To call it attraction would be 
sible. misleading ; and we, in truth, can know nothing of 
its nature. All that we know is that these bodies are connected, 
and that their effect upon each other is mathematically calculable. 
It is by quite another property of-Newton's great discovery that this 
effect is ezplained, in the true sense of the word,—that is, compre- 
hended from its conformity with the ordinary phenomena which 
gravity continually produces on the surface of our globe. Let us 
now see what this property of the discovery is. Á 
We owe a great deal to the moon. If ihe earth had no satellite, 
we might calculate the celestial motions by the rules of dynamics, 
‘but we could not connect them with those which are under our 
immediate observation. It is the moon which affords this*connec- 
tion by enabling us to establish the identity of its tendency towards 
the earth with weight, properly so called: and from this knowledge, 


we have risen to the view that the mutual action of the heavenly 


bodies is nothing else than weight properly generalized ; or, putting 
it the other way, that weight is only a particular case of the general 
action. The case of the moon is susceptible of the most precise 
testing. The data are known; and by dynamical analysis, the 
intensity of the action of the earth upon the moon is exactly ascer- 
fainable. We have only to Suppose the moon close to the earth, 
with the due increase of this intensity, inversely to the square of the 
distance, and compare it with the intensity of weight on the earth, 
as manifest to us by the fall of bodies, or by the pendulum. A 
coincidence between the two amounts to proof ;. and we have, in fact, 
mathematical demonstration of it. It was in pursuing this method. 
of proof that Newton evinced that philosophical severity which we 
find so interesting in the anecdote of his Jong Jelay, because he 
could not establish the coincidence, while confident that he had dis- 
covered the fact. He failed foe want of an accurate measurement 
of a degree on the earth's surface ; and he put aside this important 
part of his great conception till Picard’s measurement of the earth 
enabled him to establish his demonstration. 
The identity of weight and the moon's tendency wards the 
Fictent of the earth places the whole of celestial mechanics in a 
new light. It shows us the motions of the stars as 
exactly like that of projectiles which we have under onr immediate 
observation. If we could start our projectiles with arsufficient and 
continuous force, we should, except for the resistance of the air, find 
them the models of the planetary system: or, in other words, 
astronomy has become to us an artillery problem, simplified by the 
absence of a resisting medium, but complicated by the variety and 
plurality of weights—If our observation of weight on our globe has 
helped us te a knowledge of planetary relations, our celestial obser- " 
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vations have in turn taught us the law of the variation of weight, 
imperceptible in terrestrial phenomena. Men had always conceived 
weight to be an inaltefable property of bodies, finding that no 
metamorphosis,—not even from life to death,—made any change” 
in the weight of a body, while it remained entire. This was the 
one particular in which men might suppose they had found the 
Absolute. In a moment, the Newtonian demonstration overthrew ' 
this fast-rooted notion, and showed that weight was a relative 
quality,—not under the circumstances in which it had hitherto been 
observed; but under the new one,—the position of the observed 
body in the system,—its distance from the centre of the earth. The 

*-human mind coùld hardly have sought out this fact directly : but, 
once revealed in the course of astronomical study, the verification 
easily followed ; and experiments on our own globe, in the vertical 
direction, and yet more in' the horizontal, have established. the 
reality of the law, by experiments too delicate, from. the necessity 
of the case, to be appreciable, if we had not known beforehand what 
differences must be found to exist. 

It is to express briefly the identity between weight and the 
aceclerating force of the planets that the happy term Ferm Gravi- 
Gravitation has been devised. This term has every tation unob- 
merit. Tt expresses a simple fact, without any refer-  Jectionable. 
ence to the nature or cause of. this universal action. It affords the 
only explanation which positive science admits; that is, the connec- 

+ * tion between certain less known facts and other better known facts. 
Since the creation of this term, there has been no excuse for the 
contintied use of the word attraction. It is desirable to avoid ped- 
antry in language; but it is of high importance to preserve pure the 
positive character of so fundamental a conception as this, by using 
à term which expresses exactly what we know, and dismissing one 
which assumes «what «is purely fanciful, and wholly incorrect. 
Attraction is a drawing towards. Now, when we draw anything 
towards us, the distance is of no insportance » the same force draws 
the same body with equal ease three feet or thirty feet, which is 
directly contradictory to the facts of gravitation. Our business is 
with the fact of the action, and not at all with its nature. It was 
the use ofthis metaphysical term, it now appears, which occasioned 
the opposition that the Newtonian theory encountered so long, and 
especially in France. Descartes had, by laborious efforts, banished 
the;notions of occult qualities, which he perceived to be so fatal to 
science ; and in this theory of attraction, his followers saw à falling 
back into the old metaphysical delusions. We perceive this in the 
writings of John Bernouilli and Fontenelle : andit appears that the 
clear and positive scientific intellect of France did good service im 

stripping off from the sublime discovery of 


Newton the metaphysical 


appearance which.obscured its reality for a time. 
Qne more consideration remains to be adyerted to, We have 


; 
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regarded the heavenly bodies thus far as points, without reference ta 
sour their forms and dimensions, But as it is proved that 
etel" the intensity of the action of the sun on the planets, 
molecules. — and of the planets on their satellites, is proportioned 

to the mass of the body acted upon, it is clear that the force operates 
directly only on molecules, which are all independently affected by 


‘it; and equally, their distance being the same. The gravitation 


of molecules is therefore the only real one; and that of masses 
is simply its mathematical result. In the mathematical study of. 
motions however it is necessary to have a conception of a single force, 
instead of such an infinity of elementary actions: and hence arises 


that preliminary part of celestial mechanics which ‘consists in com-'" 


pounding in one result all the mutual gravitation of the molecules 
of two stars. Newton founded this portion, with all the rest; and 
the two theorems which he established for the purpose stilleremain 


the commonest expression of this important theory. He proved’ 


that if the stars were truly spherical, and their strata were homo- 
geneous, the gravitation of their particles would be so balanced that 
the bodies might be treated as points, in the study of their motions 
of translation. But the irregularity of their forms, however slight, 
must be considered in the theory of their rotations, to which these 
theorems cease to be applicable. For any other form than the 
sphere, the problem becomes very complicated ; and the 
difficulties can be surmounted only by approximation, notwith- 
standing all the perfections introduced into the theory in recent 
times, And unless we could also learn what is the law of density 
iu the interior of the stars,—a kind of knowledge which seems 
to be for ever beyond our reach,—we cannot attain a perfect 
solution. 
The fundamental law of Rational Mechanics, which declares the 
Secondary necessary equality of action und reaction, shows+that. 
gravitation.  &vavitotion must be mutual,—that the sun must tend 
towards the planets, and the planets towards their satellites. The 
extreme inequality of the masses renders the ascertainment of the 
inverse gravitation extremely difficult ; yet its reality is established 
by various secondary phenomena. The gravitation of the planets 
towards each other is a necessary part of the whole conception ; but 
it awas not mathematically demonstrated till Newton's successors 
deduced from it an exact exnlanation of the perturbations ob- 
served in the principal motions of the planets. Their labours 
have established secondary gravitation as positively as the 
primary. E a 
Thus has every kind of proof concurred to est 
fundamental law which is the noblest result of our aggregate studies 
of nature. All the molecules of our system gravitate towards each 
other, in proportion to their masses, and inversely to the squares of 
their distances. i 


analytical 


ablish that grent 


* ^ the interior of our system. 


**isno ground for either 


OPERATION OF NEWTON’S DISCOVERY. 153 


_ I dare not, as many dq, confidently extend the application of this 
Taw to the entire universe. There can be no objec- Domain of 
tion to entertaining it analogically till we obtain some “e/a. 
knowledge of the mechanism of the sidereal heavens; but we must” 
remember that we have not yet that lenowledge, and that we cannot 
promise ourselves that we ever shall. Without the phenomena of 
our own system, the theory of its motions would be only an intel- E 
lectual exercise and sport: there can be no positive science apart 
from phenomena, and of the phenomena of the universe beyond our 
own system we are not in scientific possession.* It must be under- 
stood that I advocate simply a suspension of judgment where there 
affirmation or denial. I merely desire to 
at all our positivedsnowledge is relative; and, in my 
dread of our resting in notions of anything absolute, I would venture 
to say that I can conceive of such a thing as even our theory of 
gravitation being hereafter superseded. I do not think it probable ; 
and the fact will ever remain that if answers completely to our, 
present needs. It sustains us, up to the last point of precision that 
we can attain. If a future generation should reach a greater, and 
feel, in consequence, a need to construct a new Jaw of gravitation, it 
will be ag true as it now is that the Newtonian theory is, in the 
midst of inevitable variations, stable enough to give steadiness and 
confidence to our understandings. It will appear hereafter how 
inestimable this theory is in the interpretation of the phenomena of 
We already see how much we owe to 
ib, apart from all specific knowledge which it has given us, in the 
advancement of our philosophical progress, and of the general edu- 
cation of human reason. Descartes could not rise to a mechanical 
conception of general phenomena without occupying himself with 
a baseless hypothesis about their mode of production. ‘This was, 
doubtless, a necessary pfocess of transition from the old notions of 
the absolute to the positive view ; but too leng a continuance in 
this stage would have seriously ir peded human progre The 
Newtonian discovery set us forward in the true positive direction. 
Tt retains Descartes’ fundamental idea of a Mechanism, but casts 
aside all inquiry into its origin and mode of production. It shows 
practically “ow, without attempting to penetrate into the essence of 
phenomena, we may connect and assimilate them, so as to attain, 
with precision and certainty, the true end of our studies,—that 
exaot prevision of events which d priori conceptions are necessarily 


unable to supply- 


keep in view th 


* M. Comte omits here all notice of such positive application: 
make in Sidereal astronomy. He takes no notice of the fact 
the multiple stars in elliptical orbits, and in accordance with 
velocities, demonstrates the existence of a law of force, accor 
square of the distance.+-J. P. N. 
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CHAPTER IV. 
CELESTIAL STATACS. 


Kerter’s laws connected celestial phenomena to a certain degree, 
Consummation before Newton’s theory was propounded: but they left 
by Newton. this imperfection,—thaf, phenomena which ranked 

under two of these laws had no necessary connection with each 

other. Newton brought under one head all the three classes of 
general facts, uniting them in one more general still; and since 
"that time we have been able to perceive exactly the relation between 
any two of the phenomena which are all connected with the common 
theory. As far as we can see, there is nothing more to gain in this 

direction. f 

We have seen what this great conception is in itself, We have 
now to observe its application to the mathematical explanation of 

Statical con- Celestial phenomena, and the perfecting of their study. 

siderations. — Hor {hig purpose, we will recur to our former division 
of subjects, and contemplate the phenomena of planets as immoy- 
able first, and of planets ‘in motion afterwards; the «statical 
phenomena first, and the dynamical afterwards, 

To know the mutual gravitation of the heavenly bodies, we must 
know their ‘masses. Such knowledge once appeared inaccessible 
from its very nature; but the Newtonian ‘theory has put it within 
our power, and furnished us with a wholly new set of ideas about 
these bodies. There are threc^ways in which the inquiry has been 
prosecuted, all differing from each other, both in generality and in 

First methoa Simplicity. The first method, the most general, the 

of inquiry only one in fact which is applicable to all cases, iy 

CCN Te oat difficult. It consists in analyzing the special 
share of each body in the perturbations observed in tlie principal 
motions of another,—both of translation and rotation, Here two 
elements are concerned,—the distance, and the mass of the star in 
question. The first is well known, the other is not; and only an 
approximate determination is possible.. It is difficult to apportion 
the shares in the action ; and geometers place little dependence on 
the computation of masses obtained by this method, in comparison 
with that obtained by either of the others, 

Nearest in generality to this first method is that which Newton 
employed with regard to planets that had a satellite; that of com-' 


“estimating the relative 


“ cable in the case of the ea 


„irregul 
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paring the'motion of the,satellite round the planet with that of the 
planet round the sun. "The law which determines the 

action by the distance being compared, in its results, Seconda 
in the two cases, gives the relation 
planet. The mass of Jupiter, determined by Newton in this way, 
has undergone little change of statement by methods since em- 
ployed ; and what difference there is is alnjost wholly owing to the 
data of the process being now better known. 

The third method is the most direct and simple of all ; but it is 
the most restricted, as if, is necessarily confined to 
the planet inhakited by the observer. It consists in 

masses by the comparison of the weights 
which they produce. If we knew he mass of any planet, we should 
know what would be the weight of things on its surface, or at a 
given distance; and reciprocally, the weight being known, we are 
able to estimate the mass. With the pendulum, we have measured 
terrestrial weight with absolute precision; and, diminishing it, 
inversely to the square of the distance, we shall know its value at 
the distance of the sun. We have then only to compare it with 
the amount, before well known, which expresses the sun’s action 
upon the earth, to find immediately the relation of the mass of the 
earth to that of the sun. With regard to every other planet, on 
the contrary, it must be the estimate of its mass which would yield 
that of its corresponding gravity. All these methods being practi- 
rth, its mass, in comparison with that of 

»e considered the best known of all within our system. 
The mass of the, moon, and that of Jupiter, are now estimated 
almost as perfectly ; and those of Saturn and Uranus come next. 
We are less sure about the other three which have been calculated, 
—Mereury, Venus, and Mars ; though the uncertainty about them 
cannot be very great. Of the telescopic planets and the comets we 
know scarcely anything, owing to their extreme smallness, which 
precludes their exerting any sensible influence on perturbations. 
Comets pass, during their prodigious course, near very small stars, 
such as thé satellites of Jupiter and Saturn, without producing any 
erceptible derangement. As for the satellites, we have no know- 
face except of the moon, and approximately, of those of Jupiter. 
No comparison of results has as yet exhibited any harmony what- 
The only essential circumstance which they 


ever between them. on | 
esent js the vast superiority of the size of the sun to the whole 


Third method. 


the sun, must i 


px $ 
contents of the system. Those entire contents, if thrown together, 


would scarcely amount to a thousandth part of the mass of the sun. 
Looking abroad from the sun, we see alternating, without any 
visible order, here decreasing, there increasing masses. We might 
have supposed, @ priori, as Kepler did, that ihe masses were 
ly connected with the volumes (which are themselves 


regular 
ar however), so that the mean densities should be contin- 


of the masses of the sun and the? 


186. ` POSITIVE PHILOSOPHY. 


ually less in mathematical proportion to. their. distances from tha 
sun. But, independently of this numerical law, which is never 
exactly observed, the simple fact of the decrease of density presents 
some exceptions, in regard to Uranus, among others, No rational 
ground can be assigned for this, 


SECTION I. 


WEIGHT OF THE EARTH, 


These are the means by which the masses of the bodies of our“ 
_ FFeioht of system are ascertained. The remaining process is to 
theearth. — Dying them into relation with our estimates of weight, 
by ascertaining the total weight of the earth. Bouguersvas the 
first who distinctly perceived the possibility of such an estimate, 
during his scientific expedition to Pern, when he found that the 
neighbourhood of vast mountains slightly affected the direction of 
- weight. We see how, in accordance with the law of gravitation, a 
considerable mass, regarded as condensed in its centre of gravity, 
may affect the plumbline, however slightly, if it be bronght close 
enough, subjecting it to a secondary gravitation, which affords data 
for a comparison between the action of the earth'and that of the 
mountain. By this, some estimate may be formed of the propor- 
tion of the mountain to the globe. In the time of Bouguer science 
was not advanced enough to admit of more than the conception of 
how the thing could be done. Half a century later, Maskelyne . 
observed the mountain Schehallion in Scotland, and found that it 
occasioned arr alteration in the natural direction of weight of from 
five to six seconds ; and Hutton deduced from this that the weight 
of the earth is equal to four and a half times that of a similar 
volume of distilled Water at its maximum of density. Anything 
ike exaetness, however, is out-of tlie question while there must be 
so much uncertainty about the weight of the mountain, which can 
be caleulated only from its volume. 
When Coulomb had invented his Torsion Balance, intended to 
measure the smallest forces, Cavendish saw how the earte might be 
weighed by comparing it, by means of this balance, with artificial 
masses which might be compnted. By his immortal experiments, 
he discovered the mean density of our globe to be five and a.half 
times equal to that of water ; whence we can, if we think 
deduce the weight of the earth in ewts, and tons—We thus obtain, 
among other advantages, some insight into the constitution of our 
globe, which by its positivity, puts to flight many faneiful notions. 
The density of the parts near the surface is so far below the average, 
—water occupying much space, for instance,~—that the density 
nearer the;centre must be much above the average. ‘This is in 


proper, 
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accordance with the indications of Celestial Mechanics; and it fur- 
nishes us with one condition of the interior of the globe There 
can be no void there. What there is we know not, further than 
that if must be something consistent with the condition of superior 


density. : 
SECTION I. ə 
FORM OF THE PLANETS. 


l inquiry relates to the fort of the heaveni 
ie theory of their equilibrium." Form of th 7 
Geometers suppose the lanetary bodies to have been glanets. í 
originally fluid, because their equilibrium can thus consist with 
only one form ; whereas, if they had been always solid, as our earth 
is now, their equilibrium might have been compatible with any 
form whatever. Several phenomena indicate this supposition, and 
it agrees remarkably with the whole of our direct observations. — ' 
Tf the planets had no motion of rotation, their being perfectly 
spherical would accord with the equilibrium of their molecules : 
but the centrifugal force engendered by the rotation must necessarily 
modify the primitive form, by altering, more or less, the direction 
or the intensity of weight, properly so called. Huyghens established 
this with regard to the direction, and Newton with pigicutty of 
" regard to theintensity. We thus become easily assured — te inquiry. 
ot the. general fact of the nearly spherical form of all the planets, and 
„of thei being slightly flattened at the poles: but, when we go 
further, and attempt, to estimate their forms mathematically, and 
ee of the flattening at the poles, the question 


learn the precise degr T th 
lental analysis, and is involved in difficulty 


becomes one of transcenc 
whioh can never de entirely surmounted. "The inquiry involves a 


sort of vicious circle, which does not admit ofa logical issue. In 
order to form an equation of the swrface, wes ought, by the law of 
equilibrium of fluids, to know the weight of the molecules con- 
cerned ; whereas, by the law of gravitation, this can Geometrical 
be ascertained only through the knowledge of the estimate. 
form of the planet, ‘and even of the mode of variation of its interior 


The next great statica 
* podies, as deduced from tl 


density. All that can be done is to discover whether the proposed 


form fulfils such and such conditions. Maclaurin discovered a 
theorem, highly valued by geometers, which has become the basis 
of all our inquiries on this subject, and which shows that the 
ellipsoid of revolution precisely fulfils the conditions of equilibrium. 
But his. supposes the structure of the body to be homogeneous ; 
which it is not, in any case. The labours of geometers have however 
brought within very narrow limits the possible yariations of the 
olar flattening. Whe result with regard to the earth is that the 
mathematical rule perfectly agrees with direct observatign. 


ce 


Aint, E 
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In the case of the planets we have another resource. Their 
Estimate from flattening affects certain plienomena of perturbation, 
perturbations. by the study of which wé obtain materials for an 
estimate. Altogether, the calculations and measurements agree 
more closely than we could bave ventured to hope. The only case 
which seems to present a real exception is that of Mars, which, by 
its magnitude, its mass, and the time of its rotation, should be little 
more flattened than the earth; whereas, if the observations of 
Herschell are exact, it is almost as much so as Jupiter—We 
must observe, moreover, that though, as Maclaurin has shown, 
equilibrium is compatible with the ellipsoid form, this form is not 
to be supposed the only one :—witness, in our own System, the rings ^ 
of Saturn, which are a remarkable example to the contrary: and 

aplace has demonstrated how these rings could, even in a fluid 
state, be in equilibrium. T 

The most useful consequence of the mathematical theory of the 

Indirect esti- Planetary forms is that it has established an important 

mate ofthe relation between the value of the different; degrees on 

eartl’s form. the earth's surface and the intensity of the correspond- 
ing gravity, measured by the length of the seconds-pendulum in 
different latitudes. We can thus, with great case, multiply our 
indirect: observations about the form of our globe; whereas the 
geometrical estimate of degrees is a long and laborious Operation, 
which cannot be often repeated with due care, But, generally 
speaking, the more indirect a measurement is, ceteris paribus, the 
more uncertain it is: and there remains the uncertainty arising 
from our ignorance of the law of interior density in our earth; so , 
that our chief reliance should still be on mathematical measurement, 
conducted with due care. , 

An interesting question belonging to the hydrostatic theory of 

Hydrostatic the planetary forms is of the-conditions of stabilify of 

theory of pla- equilibrium of the fluids which are collected on a part 

neary forms. or the whole of «he surface of the planets. Laplace 
shows this stability to depend, under all circumstances, on the 
density of the fluid being less than the mean density of the planet ; 


a view established with regard to the earth by Cavendish’s fine 
experiment, = 


5 . 


SECTION III. 
THE TIDES, 


"There remains the question of the tides,—the last important in- 
Question of quiry under the head of celestial statics, Under the 
the tides. astronomical point of view, this is evidently a statical 
question,—the earth being, in that view, regarded ag motionless : 
and it is not less a statical question in a mathemetical view, because 
what we arz looking at is the figure of the ocean during periods 
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of equilibrium, without thinking of the motions which produced 
that equilibrium. Morebver, this inquiry naturally belongs to the 
study of the planetary forms. 4 

A particular interest attaches to this question, from its being the 
link between celestial and terrestrial ;physies,—the celestial expli- 
nation of a great terrestrial phenomenon.—Descartes did much for 
us in establishing this. He failed, to explain the phenomenon ; but 
he cast aside the metaphysical conceptions which had prevailed 
before, and showed that there was a connection between the change 
of the tides and the motions of the moon ; and this certainly helped 
to put Newton in the way of the true theory. As soon as it was 

--mown that the tause of the tides was to be looked for in the sky, 
the theory of gravitation was certain to afford its true explanation. 
Newton therefore gave out the simple principle that the unequal 

gravitation of tlie different pirts of the ocean towards any one of.the 
bodies of our system, and particularly towards the suu and moon, 
and Daniel Bernouilli afterwards per- 


was the cause of the tides: 
fected the theory. ‘The same theory answers for the atmosphere : 


but we had better study it in the case of the seas alone; on account 

of the uncertainty of our knowledge of the vast gaseous covering of 

‘our globe, whose diffused mass almost defies precise observation. 
Suppose the earth joined to any heavenly body by a line passing ` 

through the earth’s centre. Tt is clear that the point Theory of 

of the earth's surface which is nearest the other body te tides. 

will gravitate towards it more, and the remoter point less, than the 


centre, inversely to the squares of their respective distances. The 
the centre: and the centre tends away 


_ first point tends away from the I 1 
from the second point ; and in each case the fluid surface must 
rise; and in nearly tlie same degree 1u both cases. ‘The effect must 
diminish in proportion to the distance from these points in any 
diregtion : and ata distence of ninety degrees it ceases. But there 

* the level of the waters must be lowered because of the exhaustion in 
that place caused by the overflow elsewhere. And here enters a new 

age :—the changes in the terrestrial 


consideration; difficult to man à 
gravity of the waters, occasioned by their changes of level—Vhus 
the action of any heavenly body causes the ocean to assume the ' 


form of a spheroid, elongated in the direction of that body. Newton 
calculated the chief part of the phenomenon of the tides on the 
supposition of an ellipsoid of homogeneous structure, as he had done ` 
in estimating the effect of the centrifugal force on the earth's 
figure, ‘substituting for the centrifugal force the difference between 
the gravitation of the centre of the globe and that of its surface 
next, the proposed body. After that, Maclaurin’s theorem served 
Daniel Bernouilli for a basis of an exact theory of the tides. 
Thus far, we have regarded the tides only as if they were à fixed 
ation of waters under the proposed star. ' This is the 
l basis of the whole question; but the most striking 


H 


accumulati 
mathematica 
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part has yet to be considered,—the periodical rise and fall. . It is 
the diurnal motion of our globe which causes this rise and fall, by 
carrying the waters successively into all the positions in which the 
= other body can raise or depress them. Hence arise the four nearly 
equal periodicai alternations, when the two greatest elevations take 


——HÓ— RÀ 


place during the two passages of tle heavenly body over the i 
» meridian of the place, and the lower levels at its rising and setting ; 


the total period being precisely fixed by combining the terrestrial 
rotation with the proper daily movement of the heavenly body. The 
last indispensable element of the question is the valuation of the 
powers of the different heavenly bodies. ° This calculation is easily 
made from the difference between the gravitation œf the centre ó£.- 
our globe and that of the extreme points of its surface next the ob- 
served body. Guided by the law of gravitation, we can determine 
which, among all the bodies of our systém, are those which can par- 
ticipate in the phenomenon, and what is the share taken by each. 
Influence of We thus find that the sun by its immense mass, ani 
the sun. the moon by its proximity, are the only ones which XA 
produce any appreciable tides: that the action of the moon is from ` 
o two and a half to three times more powerful than’ 
)f the moon. : 
that of the sun; and that, consequently, when they ^ 
act in opposite directions,that of the moon prevails; which explains : 
tlie primary observation of Descartes about the coincidence of the | 
tidal period with the lunar day. 
Thus far, we have considered only the effect of a single heavenly -- 
Composite body upon the tides; that is, the case of a simple and 
influence. — abstract tide. The complication is very great; when 
the action of two such bodies has to be considered. “But the résources - 
of science are sufficient to meet this case,—éven deriving from it 
new means of estimating the mass of the sun and moon ;—and also 
of calculating the modifications arising out ef the various distanges of 
the earth, from either body ; and again, of tracing the changes of 
direction caused by the diurnal movement of the proposed body,— 
whether in accordance with the earth’s axis of rotation, or parallel 
with the equator, which makes the difference between the tides of 
our equinoctial-and solstitial lunar months. As for the difference - 
of the phenomenon in various climates, the consideration of lati- 
tude is the only one which affords much result. At the poles, there à 
^ can of course be no other tides than such as are caused by the flux 
and reflux of waters elsewhere; as the earth has no rotation there, 
The equator must exhibit the tides at their extremes, not ónly on 
account of the diminished gravitation there, but yet more on 
of the more complete diversity of the successiv. 
by the waters during the daily rotation. Else 
of the tide must vary in proportion to tlie forc 
The mathematical theory of the tides acco; 
vation to a degree which is really wonderful, 


101 account, 
e positions occupied - 
Where the greatness 
e of the rotation. 

rds with direct obser- 
considering how many 
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hypotheses geometers must have recourse to, to make the questions 
calculable at all, and low many inaccessible data Requisites for 
would be required to make an estimate thoroughly — ezactitude. 
logical. Tt would not even be enough to know the extent and form 
of the bed of the ocean. Something beyond that in difficulty is re- 
quired,—thestrue law of density, in the interior of the earth, as with 
regard to the figure of the planets, We ought to know too whether 
the interior strata are solid or fluid, in order to know whether they 
participate in tidal phenomena, and whether they therefore modify 
those at the surface or not, These considerations show the sound- 
ness of the advice given by one who was full of the true mathematical 

*spirit, consisting” above all in the relation of the concrete to the 
abstract, Daniel Bernouilli, who recommended geometers “not to 
urge too far the results of formulas, for fear of drawing conclusions 
contrarg.to truth.” Á > 

The comparison between mathematical theory and direct observa- 
tion has never been carried out to any advantage,—all the measure- 
ments having been taken in the ports, or near the shore. "Lhe tides 
in such places are very indirect ; and they cannot properly represent 
the regular tides from which they issue, their force being chiefly 
determined by the form of the soil,—at the bottom as well as on the 
surface—aind even perhaps affected by its structure. These are 
incidents which cannot enter into mathematical estimates; and to 
them we must doubtless refer the vast differences in the height of 

» the tides at the same time, and in nearly the same place,—as, for 

. instance, the tides of Bristol and Liverpool, of Granville and Dieppe. 

The oily way of making an effectual direct observation would be 
to note the phenomena of the tides in a very small island, at the 
equator, and thirty degrees at least from any continent, for such a 
course of years as would allow of repeated record of ‘variations as 
repeatedly foreseen. In this way, and in no other, might the mathe- 
matical theory of the tides be verified and perfected. 

Whatever may be the uncertainty with regard to some of the 
data of this great theory, it has that conclusive sanction,—the ful- 
filment of its previsions ;—a fulfilment so exact as to guide our 

` conduct ; and this, as we know, is the true end of all science. The 
principal local circumstances, except the winds, being calculable, it 
has been found practicable to assign for each port the mean heighi . 
of the tides and their times; and thus have mathematical deter- 
minations been proved to be sufficiently conformable to reality, 
and a class of phenomena which, a century ago, were regarded as 
inexplicable, have been referred to invariable laws, and shown to 
be as little arbitrary as anything else. 

Such are the philosophical characteristics of the three great 
questions which compose the statical department of Celestial 
Mechanics. We must next. look into the dynamical department, 
as represented by the phenomena of our system. 9 
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* CHAPTER V. 


CELESTIAL DYNAMICS, 
e 
"nm principal motion of the planets is, as we have seen, deter- » 
ub er mined by the gravitation of each of them towards the 
focus of its orbit.” The regularity of this movement 
must be impaired by the mutual gravitation of the bodies of the 


3 The most striking of these derangements were observed by 
Pee ME Alexandria, in the first days of Mathematical Astron- 
omy ; others have been observed, in Proportion as our knowledge 
became more precise ; and now all are explained with such com- 
pleteness by the theory of gravitation, that the smallest perturbations 


are known before they are observed, This is the last possible test ° 
e 


Perturbations. 


and triumph of the Newtonian system. , 
There are, as Lagrange pointed out, two principal kinds of per- 
turbations which differ as much in thei 


r mathematical theory as in 
the circumstances which constitute them ; instantaneous changes, 


from shocks or explosions, and gradual changes or perturbations, 
properly so called, caused by secondary gravitation, requiring time, 
The first kind may never have faken place in our 

Sra TLaecae. system; but it is necessary to consider it, not only 
because it is of possible occurrence, but because it is a necessary 
preliminary to the study of the other kind,—the gradual perturba- 
tions being treated theoretically as a series of little shocks, *. 
The first case is easy of treatment. No collision 
would affect Keplers Jaws: and, if the for 
altered, the accelerating forces would remain 
the new variation once t 


or explosion 
m of the orbit was 


the same; and thus, 
inderstood, our calculations might 


„as before, Supposing a collision between two 
breakage of one planet into several fr 
* plosion ; there might be ¢ 1 
elements of their elliptical movement; but there are tivo relations 
which are absolutely unalterable, and which might, in my "opinion, 


ality of such an event at any 
äl properties of the continuous 
the invariableness of tlie sum 
great law of the equality of 
anges must conform. From 
ations betiveen the masses, the \ 


nal ex- 
e astronomical 
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| 

i velocities, and the positions of the two bodies, or the two fragments of. 

| the same body, considered before and after the event. No indica- 

tion at present leads us to suppose that the case of collision has 

d ever occurred in our system; aud it is evident that such an ' 
encounter, though not mathematically impossible, ‘vould be very 
difficult. But it is far otherwise with regard to explosions. 

The little planets discovered between Mars and Jupiter have mean 
distances and periodic times so nearly idéntical, that Mr Olbers 
has conjectured that they once formed a single planet, which had 
exploded into fragments. Lagrange added a supposition, from the + 
irregularity of their form, that the event must have happened after 

ethe consolidatior of the primitive planet. When their masses 
become known, I think this conjecture may be subjected to mathe- 
matical proof,—in this way. By calculating the positions and 
*  successiye’ velocities of the cèntre of gravity of the system of these 
four planets, we might, if they had such au origin, retrace the 
principal motion of the primitive planet. If we should then find 
this centre of, gravity describing an ellipse round the sun as a focus 
and its vector radius tracing areas proportioned to the times, this 
event would be as completely established as any fact that we have 
not witnessed. We have not yet the materials for such a test; but 
if is interesting to see how celestial mechanics may establish, in a 
positive manner, events like these which appear to have left no 
evidence behind them. It is obvious that the instantaneous 
. character of such a change must preclude our fixing any date for 
it, since the phenomena would be precisely the same, whether the 
explosion were recent or long ago. It is otherwise with regard to 
perturbations, properly so called. à : 

Lagrange believed "that these explosions had been frequent in 
our system, and that this was the true explanation of comets, judg- 
ing from the greatness of their eccentricity and inclination, and 
the smallness of their masses. We have only to conceive that a 
planet may have burst into two very nnequal fragments, the larger 
of which would proceed pretty nearly as before, while the smaller’ 
must describe a very long ellipse, much inclined to the ecliptic. 
Lagrange showed that the amount of impulsion necessary for this 
change is not great ; and that it is less in proportion as the primi- 
tive planet is remote from the sun, ‘This opinion is far from having 
been demonstrated; but it appears to nie more satisfactory than 
any other that has been proposed on the subject of comets. 

The important and difficult subject of perturbations is the 
| principal object of celestial mechanics, for the per- Graduat per- 
Jecting of astronomical tables. ‘They are of two turbations- 
classes; the one relating tç motions of translation, the other of 
rotation. The latter are, as before, the most difficult : but the 
motions of rotation are less altered than the other class, within our 
own system : and they are less important to be known. , 
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In the study of motions of translation, the planels must be 

Perturbations treated as it they were céndensed in their centres 

of translation. of gravity. 5 

The direct method, the only rational one, of calculating 
the differential equations ,of the motion of any one planet, 
under the influences of all the rest, is impracticable, from the 
unmanageable complication of the problem. It would make au 
inextricable analytical enigma. Geometers have therefore been 
obliged to analyze directly the motion of each planet round that 


* which is its focus, taking for modification only one at a time. This 


is what constitutes in general the celebrated problem of three 

Problem of bodies, though this denominatión was at firsto 

three bodies. employed only for the theory of the moon. It is 
easy to see what circumvolntions are involved in this method, since 
the modifying body, being in its turrf*modified by others,-compels 
a return to the study of the primitive body, to understand its 
perturbations. Tle determinatian of the motions of the whole of 
our system must, by its very nature, be a single problem. It is 
the imperfection of our analysis which obliges us to divide if into 
detached problems, and to overload our formulas with multiplied 
modifications. The elementary problem of two bodies,—one of 
these even being regarded as fixed,—is the only one that we are 
capable of bringing toa solution; the problem of the elliptical motion, 
represented by Kepler’s laws ; and here the calculations are extremely 
laborious. It is to this type that geometers have to refer the motions» o 
of the planets, by extremely complicated approximations, accumu- 
lating the perturbations separately produced by every body that 
can be supposed to exert any influence; and these perturbations 
prescribe the series required for the integration of the equations 
belonging to the case of the three bodies. 

Then follows the task of choosing the perturhations which, have 
to enter into the estimate. The law of gravitation enables us to 
compare the secondary influenees involved in eacli case,—the masses 
of all within our own system being supposed to be known. It is a 
favourable circumstance to mathematical research that our system 
is constituted of bodies of very small mass in comparison with the 
sun (making the perturbations extremely small); moreover, very. 


_ few, very far from each other, and very unequal in mass; the result 


of all which is that, in almost every case, the principal motion is 
modified by only one body. ‘If the contrary had been the case, the 
perturbations must have been very great, and extremely” varied, « 
since a great number of bodies must have powerfully acted in each 
disturbance. Celestial Mechanics mist then, we should think 
have presented an inextricable comprication, beine incapable i 
reduction to the problem of three bodies, g 

“This study of modified motions divides itself into three parts, 
answering, as in a former case, to the planets, satellites and comets. 
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Rigorously speaking, we ,ought to, make a fourth case of the sun, 
which cannot here be regarded as motionless, because the planets 
react upon it. In fact, we cannot allow ourselves to consider any. 
point within the system as motionless, except the centre of gravity 
of the system itself, which is the true focus of plane- Centre of the 
tary motion, and round which the sun itself must Solar System. 
oscillate, in directions which vary àecording to the positions of the 
planets. This point is always between the centre and the surface 
of the sun. But we cannot approach nearer to the fact than this: 
we shall probably never be able to indicate this centre precisely ; 
„and it is enough: for practical purposes, and necessary to them, to 
consider the sun as fixed, except as toits rotary motion. The same 
conclusion must be come to with*regard to the planets and their 
satellites,—even in the case of the earth and moon, where the varia- 
tions of the primary body are greatest. The centre of gravity falling 
within the mass of the primary body, its variations from that centre 
may be neglected as having no appreciable influence on the motion 
of translation ; and thus, celestial mechanics presents, in this branch, 
no other problems than those treated, under another point of view, 


* by celestial geometry. 


The simplest problem is here, as before, that of the planets, and 
for the same reasons,—the smallness of their eccen- — Problem of 
fricities, and of the inclinations of their orbits. There the Planets. 


. Js also a considerable uniformity of perturbations, since each planet 


remaining in the same regions of the sky, continues in the same 
mechanical relations, though their intensity varies within certain 
limits. "Phe least? privileged of these bodies in these matters is 
unhappily our own planet, on account of the heavy satellite which 
escorts if so closely, and to which its chief perturbations are due ; 
{houch this does not save it from being sensibly troubled, by others, 
at the period of opposition, and especially by such a mass as that of 
Jupiter. No other planet with satellites, not even Jupiter, is in so 
unfavourable a case; for Jupiter's motion could not be very much 
deranged by the action of his satellites, however near in position, 
since the mass of the largest is less than a. ten-thousandth part of 
his, while the mass of our moon is a sixty-eighth part of that of the 
earth. Jupiters circulation is sensibly affected by Saturn alone. 
The simplest case of all seems to be thatof Uranus, from its being 
the last planet, and very remote from the next; and its six satellites 
do not appear to trouble its motion. 

The problem of the satellites is necessarily more complicated than 
that of the planets, on account of the instability of Problem of 
the focus of the.principal) motion, as in celestial ° ui 
geometry. Besides their own perturbations, the satellites have 
reflected upon them.all those to which their planet is liable. The 
founders of Celestial Mechanics were long perplexed, for instance, 
by the perpetual acceleration of the mean motion of thé moon ; it 


7 


166 POSITIVE PHILOSOPHY. 


was considered inexplicable, till Laplace discovered its cause in the 
slight variation to which the eccentricity of the earth's orbit is sub- 
ject. In regard to the direct perturbations of the satellites, there is 
an essential diStinction between the case of one, and that of several 
satellites. In the first,—the single case of our moon,—the disturb- 
ing body is the sun, on account of its unequal action on the planet 
and the satellite. If the difficulties arising out of this position are 
greatér than in the case of any other satellite, it is partly because 
the case more immediately concerns us, and because our oppor- 
tunities of observation disclose more fuily the imperfection of our 
means. For, in the mathematical point of view, there must be more. 
complexity in the case of several satellites ; all that is true in regard 
to one being true in regard to each one, with, the addition of the 
mutual action of the members of the*group. Their pertyrbations 
are reduced by the preponderating size of their planet; but from 
there being so many of them, of such nearly equal sizes and direction, 
and all so close together, the difficulty of calculating their motions 
is so great that the only theory as yet established is that of the 
satellites of Jupiter. For the motions of three of them, Laplace 
found means completely to account. Those of Saturn and Uranus 
are known only geometrically, we having not even an approximate 
estimate of their masses. It is to be remembered, however, that we 
do not need so perfect a knowledge of them as of the moon; and 
that a much less exact theory will suffice for them than for the 
moon, whose slightest irregularity is very evident to us. 
The comets intervene to increase our difficulties about the satellites. 
Problem of | From the extreme prolongation 6f their orbits, and 
the Comets. — their inclination in all directiofis, comets are in a state 
of ever variable mechanical relations, from the number of bodies that 
they approach in their course; whilst the planets, and even the satel- 
lites, have always the same relations, the variation being only in the 
intensity. ‘The perturbation. which, in every other case, bears a 
very small proportion to the gravitation, may, in the case of comets, 
exceed it ; so that it is conceivable that a comet might be diverted 
from ifs orbit, and become a satellite, when it passes near so con- 
siderable a body as Jupiter, Saturn, or even Uranus. Besides the 
eccentricities of comets, there are other circumstances, such as their 
' small weight, and their possible loss of weight by parting with some 
of their atmosphere to the bodies they approach, which tend to per- 
plex the study of their perturbations. These are the icidents 
which make it so difficult to foresee exactly the return of these little 
bodies. When we have studied them‘so long and so laboriously as 
to have, to the best of our belief, mastered their case, we find that 
their periods are entirely changed through one omitted circumstance. 
A memorable example of this was the comet of, 1770, calculated by 
Lexell. his comet had then a revolution of less than six years: 
but it has never appeared since, having been entirely deranged by 
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passing too near Jupiter. The imperfection of our knowledge about 
these small bodies is frofn the same cause that renders them of very 
little consequence to us. From their vast distances, their action 
upon any one body of the system is little more than momentary > 
and their lightness prevents even the satellites from being affected’ 
by their pa8sage. The passage of the comet of 1770 among the 
satellites of Jupiter proved this, ig a striking manner. Their tables, 
constructed beforehand, without ‘any idea of such an incident, per- 
fectly agreed with direct observations ; a proof that the intrusion 
of the comet did not sensibly affect their motions. There is, there- 
fore, no more occasion for the puerile fears of our day than for the 


* yelicious terrors of former times, in- regard to the passage of comets. 


Their collision with the earth is all but impossible; and they could 


not otherwise be felt at all, Their mere approach, however near, ' 
couldehave no other effect than to raise somewhat the corresponding 
tide, Ifa éomet could pass two or three times nearer to us than 
the moon (which no known comet could do) its very small mass 
could produce no other effect than an imperceptible rise of the tides. 
"We have therefore no immediate and practical reason to regret the 
imperfection of our cometary theories. 

Passing from the perturbations proper to motions Perturbations 
of translation, we must notice those belonging to °/rotation. 
rotation. 

The ellipsoid bodies of our system must, whether they began or 
not, have ended, sooner or later, with turning round one of their 
axes—and that one the most stable,—that of their smallest dia- 
meter? for, as we have seen, it is their rotation that has produced 
their deviation from,a perfectly spherical form, and determined the 
direction favourable to stability. The regularity of this rotation is 
evidently so indispensable to the existence of living 
bodies on the sarface^of a planet, that we might 
d, priori assert this stability wherever life is possible, from the time 
when it became possible. But, stable as each planet is in itself, its 
mutnal gravitation with others must introduce certain secondary 
modifications, the bearing of which must be upon the direction of 
its axis in space. It is only with: regard to the earth that these 
modifications concern US ; for however great they might be in any 
other body, they could in no way affect, us. 

If the planets were perfect spheres, the total gravitation of their 
particles must pass through their 'centres of gravity ; and thus, if 
is only through their slight failure in sphericity that they can act 
at all upon one another's rotation; that failure being caused by the 
rotation itself, We see hire how the same necessity which secures 
the stability of the rotations, with regard to their duration and their 
poles, determines, from another point of view, the inevitable altera- 
tion of the paralldlism of their axes—In our own planet the preces- 
sion of the equinoxes, modified by the nutation, results from the 


The planets. 
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action of the other bodies of our system,—especially of the sun and 
moon,—upon our equatorial protuberance. ? The power of each body 
is, as in the case of the tides, in the direct ratio of its mass, and 
sinversely to the cube of its distance; so that the sun and moon are 
. the only.bodies whose influence need be considered. Further, the 
extent of the deviation depends on the mass and magnitude of the 
eearth, on the time of its rotation, jon its degree of flattening, and on 
the obliquity of the ecliptic. The intensity of the influence must 
vary, as in the case of the tides, with the variable distance of the 
sun from the earth, and yet more of the moon; but the want of 
uniformity is too slight to be perceptible to direct observation.— 

These are the general causes which determine the small changes.“ 

which the rotation of our globe undergoes, in regard to the direction 

of its axis in space——The case of the other planets bears a general 

likeness to that of the earth, varied accdrding to the different inclina- 

tions of their axes to their orbits, their position, their mass, their 

size, the duration of their rotation, and the degree of their flattening 

at the poles. On all these grounds, the perturbations of Mars are 

the most remarkable. 

~ The rotation of the satellites presents one consideration of the  , 
highest interest,—that remarkable equality between 
the duration of this rotation and that of their circuit 
round their planet, by which they present always the same hemi- 
sphere, except from those very small oscillations called librations, 
whoge ‘law is well understood. ‘The fact is absolutely certain only © « 
withstegard to the moon ; but our mechanical principles justify our 
ereating it into a general law of all the satellites. Lagrarge has 
shown that it results from the preponderance that, by the action of 
the planet, the nearer hemisphere must acquire at the outset, whence 
arises a natural tendency in the satellite to return’ perpetually to 
the same position. If it is thus with the moan, there is every 
reason to suppose the same fact with regard to satellites belonging 
to heavier planets, to »yhich they are proportionally nearer. 

Such “are the various kinds of perturbations produced in the 
movements of the bodies of our system, by their mutual action, 
This study may be simplified and rendered much more exact, by 
the device of referring all these movements to a plane whose posi- 

Device ofan tion must necessarily be independent of all their 

invariable variations —Among several planes which have been 

plane: proposed, differitg in their degrees of variableness, 
M. Poinsot has discovered one which is the only truly invariable 
one, but which is extremely difficult to determine, since it requires 
not only an estimate of the planetary jasses, but data dependent 
on the mathematical law of the interiër density of the heavenly 
bodies,—a law which is still very hypothetical, The theory is 
complete; but its precise. application is at Present impossible. 
Whatever may be the practical difficulties, we cannot but feel a deep 


The satellites, 
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interest in seeing how Celestial Mechanics has accomplished the 
fixing of an invariable ‘plane in the midst of all the interior per- 
turbations of our system, as Newton had first recognized an inalter- 
able velocity,—that of the centre of general gravity., These are the 
only two elements in our system which are rigorously independent of * 
all the everfts that can occur in its interior ;—of even the vastest 
commotions that our imagination can suggest. Such variations as 
they can be conceived’ to have could relate only to the most general 
phenomena of the universe, produced by the mutual action of 
different suns, of which they would afford us the clearest manifes- 
tation, if such knowledge were within our reach. 
^^ We end this study of perturbations with a recognition of the 
stability of our own system, in regard to all its most Stabitity of 
important constituent bodies. Setting aside the 2m system. 
comete all the variations whatever of any perceptible value are 
periodical ; and their period is usually very long, while their extent 
is very small; so that the whole of our planetary system can only 
oscillate with extreme slowness round a mean state, from which it 
deviates very little. Through all starry changes the translations of 
our planets present the almost rigorous invariableness of the great 
axes of their elliptical orbits, and of the duration of their sidereal 
revolutions : and their rotation shows a regularity even more perfect, 
in its duration, in its poles, aud even, though in a somewhat smaller 
degree, in the inclination of its axis to the corresponding orbit. We 
a “know, for instance, that from the time of Hipparchus, the length 
of the day has not varied the hundredth part of a second. Amidst 
all this’general regularity, we perceive a special and most marked 
stability with regard,to the elements which are concerned in the 
continued existence of living beings—Such are the sublime theorems 
of nafüral philosophy for which humanity is indebted to the sum 
of tle great works execüted in the last century by the successors of 
Newton. ° A NA ^ 
The general cause of these impoftant results lies in the small 
eccentricity of all the principal orbits, and the small divergence of 
their planes. If the planets had had cometary orbits and planes, 
there would have been no regularity—no periodicity,—and, we may 
add, no life upon their surface. No planets can be habitable but 
such as have their oscillations restricted within very narrow limits. ; 
The Mathematical theory of celestial mechanics has taken no 
notice, thus far, of the resistance ‘of any general Resistanceof : 
medium, in which these motions are proceeding. «Medium. 
The conformity of our Sf ipee tables with observed facts 


shows that the resistance ig imperceptible in degree; yet, as it is 
manifestly impossible that! it should be null, the geometers have 
endeavoured to prepare beforehand a general analysis of it. Caon- 
sidered apart from*its intensity, this action is of à totally different 
nature from that of perturbations, though gradual likesthem: for 
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it cannot be periodical, and must always „be exercised in the same 
direction, so as continually to diminish all velocities, and tlie more 
the greater they are. It cannot alter the positions of the orbits, 
but can by possibility affect only their dimensions, and periodic 
times, and the duration of rotations : that is, it affects the elements 
which are spared by the perturbations. Thus, the rótations must 
become slower, the orbits must grow smaller and rounder, and their 
periodic times shorter; because, as velocity diminishes, the solar 
action must become more powerful, and these effects are not ouly 
continuous, but always increasing in rapidity. So, in a future too 
remote to be assigned, all the bodies of our system must be united 


to the solar mass, from which it is probable that they proceeded <° 


and thus the stability of the syStem is simply in relation to the 
perturbations properly so called. * These are among the incontest- 
able indications of Celestial Mechanics. a 

As yet, we practically fail to recognize the effect of a resisting 
medium. We neither trace its operations, nor should know how to 
calculate it if we could trace it. Whenever we do, it will be by 
the study of comets ; for their small mass, and the great surface 
which they present to the action of the medium when their atmos- 
pheres are widely diffused, must render its resistance much more 
appreciable than in the case of planets,—their yelocity being besides 
naturally at its maximum at the moment of this expansion. Some 


contemporary astronomers believe that they have established the 
effect of this resistance in regard to one or two comets, Hitherto 


the study of these bodies seems to be only negatively useful, ‘to 
prevent the return of the absurd terrors which they formerly occa- 
sioned. We now see that there is no body in our system, however 
insignificant, whose theory may not offer to us a div»ct; ond nositive 
interest, since we may owe to comets the knowledge of one of the 
most important general laws of the system’to which we belong; and 
that which, in a remote future, must chiefly rule its destinies.* 

In our geometrical review" we saw, by the agreement of astro- 
Independence omical tables with direct observation, that our system 
of the solur — is independent of all that lies outside. This incon- 
Hegre testable truth is confirmed by the mechanical view, 

If our system gravitated towards any of the suns outside, the action 
of other suns would nearly neutralize the tendency. Again, it 
would be only by an unequal ction of those suns upon our planets 
that any change could be occasioned. Again, the vast distances 
would, according to our law of gravitation, make the action of 
remote suns imperceptible. "The neargst body, if a million times 
heavier than our system, would produce an effect incalculably 


smaller than the action which occasions our tides, “We may there- 


fose pronounce the independence of our system to be perfectly 


* M. Comte estimates too lightly the indications of a medium given by Eucke's 
comet.—J. P N, J 


^ Aheüries in regard to their definitive aim,—the exact 
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cerlain. I notice this because we seem to find here the only excep- 
tion to the great encyclopedical law which is the basis of this 
work,—that the most general phenomena rule the most particular, 
without being in any degree reciprocally influesced. Thus our 
astronomical phenomena regulate thóse of our own globe,—whether 
physical, chemical, physiological, or social. Yet here we find that 
the phenomena of the universé have nə influence over those of 
the solar system. There is no difficulty about this to persons who, 
like myself, admit that our researches are limited by the boundaries 
of our own system, and that positive knowledge cannot go beyond 
it. The studyeof the universe forms no part of natural philosophy : 
a truth which will become more apparent, and be seen to be more 
important the further our studiés extend. 

At the close of this brief-review of celestial dynamics, we see that, 
great as are the achievements since Newton's time, we are reminded 
in many directions of the imperfection which results from the 
insufficiency of our mathematical analysis. In the execution of 
astronomical tables it has to borrow from celestial geometry other 
aid than the estimate of indispensable data, derived from dircet 
observation; and this in regard not only to bodies whose mechanical 
theory is but just initiated, but with regard to some with which we 
are best acquainted. 

We see however that besides the sublime direct knowledge 
afforded to us, celestial dynamics have powerfully con- Achievements 


tributed to perfect the whole body of astronomical of Celestial 
Dynamics. 


ision of thesstate of the heavens at any period whatever, past or 
rs laws might suffice to determine the state of our 
system 4o a«cnort time, proper data being chosen; but if we wish 
to extend the inquiry, back or forwards, to any considerable period, 
we find the most perfect theory of perturbations absolutely necessary. 
Tt is to celestiaP dynamics that we owe our power of ranging up and 
down the centuries, to fix the precise moments of various celestial 
phenomena, such as eclipses, with certainty, and with a minuteness ` 
only inferior to that which is possible in the case of present events. 
Though we have, according to my view, completed our considera- 
tion of astronomical science, it would be felt to be a great omission 
if we passed over altogether what is new called Sidereal Astronom. 
We will therefore see how much there is that we can conceive to be 
positive in regard to cosmogony. i 
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CHAPTER VI. 


SIDEREAL ASTRONOMY AND GOSMOGONY. 


e 
Tar only branch of Sidereal Astronomy which appears to admit of." 


Multiple Stare exact study is that of the relative motions of the 
* Multiple Stars, first discovered by Herschell. By 

multiple stars astronomers understand stars very near each other, 
whose angular distance never exceeds a half minute, and which, for 
this reason, appear to be one, not only to the naked eye, but to ordi- 
nary telescopes, only the most powerful lenses being able to separate 
them. The relative movements of these stars tend to deceive us 
as to their precise multiple character, as, for instance, by mutual 
occultations, which do not permit us to Separate them.» Among 
some thousands of multiple stars registered in the catalogues, before 
the southern heavens had been really explored, almost all were only 
double, and we have found none which are more than triple—a 
circumstance which may be owing solely to the imperfection of our 
telescopes, as we knew of none but single stars before Herschell’s 
time. However interesting the study of them is, they constitute 
only a particular case in the universe, as the intervals of the stars 
which compose them are probably much smaller then those which 
divide the suns of the universe, so that the study of their relative 
motions does not lead us up to any of the gřeat géneral phenonfena 
of the heavens, and the speciality would be more conspicuous if as- 
tronomers did what I ‘think théy ought,—form their catalogues: of 
those donble stars only whose motions they have fully established. 
With regard to others, we cannot be sure whether their duality is a 
real relation or an accident. Knowing nothing whatever of their 
interval, or of the distance of-either of them from us, we cannot be 
sure whether they form a system any more than any other two stars 
combined by chance in the heavens. Because a few incontestable 
examples are before us of a binary system, in which the smaller 
circulates round the larger, it is anything but philosophieal to con- 
clude the same to be the case with the whole multitude of double 
stars, some of which may appear so meny through an accident of 
position, apparent only to our own systern. Analogy is not appli- 
cable here ; as what looks like analogy is merely the imperfection of 
our investigations. No astronomer would venture to assert that if 
our telescopes were what they may one day become, we might not 
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find between stars now apparently independent a multitude of 
clustered intermediate stars which should render the case of duality 
almost general. The apparent nearness would not then be a suffi- 
cient ground for presuming their mutual revolutions, because it is- 
in virtue of their very small number that analogy nów suggests that 
presumption. ‘The only positive study in sidereal astronomy is that 
of the known relative motions of certain double stars, at present not- 
more than seven or eight in number. We could never hope to 
assign with accuracy their orbits, or their periodic times, or any 
solid. basis for dynamical conclusions.* ‘The importance of such 
inquiries is much diminished by the consideration that our system, 
which, in such & case; means our sun, belongs to no groups of the 
kind,—either investigated or merely pointed out. ‘This circumstance 
seems to me not at all accidental; for, if our system made a part of 
a double star, which it is not^difficult to imagine, it would probably 
be impossible for us ever to be aware of the other part of stich a 
duality, because in the direction of the sun it would be so near that 
its light would be lost to us in that of our sun. Such a case might, 
however, have a scientific interest for us, not only as elucidating 
the displacements of our system, but as allowing such great precision 
as might arise from the position of the inquirer on one of the stars 
of the cortple. À 
"Phe first of the few orbits of double stars known to us was 
investigated by Savary. ‘They all present a very considerable 
eccentricity, the smallest of which is double, and the greatest four 
times greater than that of the most eccentric in our system. Of 
their periodic times, the shortest slightly exceeds forty years, and 
the longest six hündred. We cannot perceive that the eccentricity 
and the duration behr any fixed relation to each other, and neither 
scems-tu"uepeddeat all on the angular distance of the respective 
pains of stars. This js the sum of what we know about the 
double stars; and unless we could learn something of their. 
linear distance from our system and from feach other, our con- 
ceplions can neither be accurate nor of great importance. M. 
Savary has proposed a method, founded on the known velocity 
of light, by which these distances will, if ever, be estimated: but 
the uncertainty of some of the elements which must enter into the 
nestion is so great that the most that can be hoped for is the fixing 
of certain limits within which the real distance may be supposed. to 
lie: and this is all that M. Savaryyhimself proposed. At present, 
we lafow only the nearer limit, beyond which, not only the double 


stars, but the whole starry host, are known to lie. 


f 
* M. Comte quite underrates | he importance of the phenomena of the multiple 
stars. ‘The orbits of a very considerable number are now distinctly ascertained, and 
ihe laws of motion in their orbits. The existence of a motion of revolution is fixed, 
with regard to the fargreater number.—J. P. N. 
+ They are calculated ; but by strictly geometrical methods. 
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Proceeding now to ascertain what we may rationally conceive of 
Our Cos- our own cosmogony, I need Hardly say that we must 
mogony. put aside altogether any ‘notion of creation, as 

nnintelligible,—all that we are able to conceive of beine successive 
transformations*in the sky ; and of these, only such as have pro- 
duced its present state. Here, again, we find our own system to be 
dhe only subject of knowledge. We are in possession of some facts 
in regard to it which may bear téstimony to its immediate origin ; 
but we can form no reasonable conjectures about the formation of 
the suns themselves. The phenomena necessary for such a purpose 
are not only not explored but not explorable. Whatever may be 
the interest of Herschell's curious observations on*the progressive «e 
condensation of the nebulae, they do not. warrant his conclusion of - 
their transformation into stars; * "for from such ‘a conclusion must: 
flow consequences about form and motion which must be in, har- 
mony with established phenomena ; and of these we have absolutely: 
none. 

The beginning of positive cosmogony was when geometers, pur- 

Origin of  Sulug the mathematical theory of the figures of the 

Positive planets, showed that they were originally in a state of 
Gosmeogory. fluidity. We cannot go further back than this: and 

we must set out with an existing sun, turning on its axis with an 
indeterminate velocity, admitting, for the formation of the planetary 
system, no agencies which we do not now see at work, in the pheno- 
mena which we habitually witness, though they may have wrought | , 
formerly on a larger scale. These restrictions are indispensable to 
the scientific character of the inquiry; and, after all, our cosmagonic 
theories, however guarded, must remain essentialfy conjectural, if 
ever so plausible. No mathematical principleS can enter here as 
into celestial mechanics, leading us up to a defidiue wieuip and 
excluding every other. Noabstract theory of formations is possible ; 
and the utmost we can do is to collect such information as can be 
had, construct hypotheses from jt, and compare thém carefully and 
continuously with the whole of the phenomena that we explore. 
Such hypotheses, whatever degree of consistency they may attain, 
can never, like the law of gravitation, take rank among general 
facts: for we can never be sure that some other hypothesis may not 
turp up which would equally well answer the present purpose, and 
some others besides. o à 

The cosmogony of Laplace seems to me to present the most 
Cosmogony plausible theory of any yet proposed; Tt has ‘the 

of Laplace. eminent merit of requiring, for the formation of our 

system, only the simple agents, weightyand heat, which meet us. 
everywhere, and which are the only ro petal of action which ! 


* This portion of Herschell’s speculation must be abandoned. What he fancied 


to be instances of nebulous matter turn out to be galaxies, orbyast groups of stars.— ^ | 
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i 
are absolutely general. The point in which I differ from Laplace 
is with regard to comets, which he regards as strangers in our sys- 
tem; whereas Lagrange's view of them, before cited, appears to be 
preferable, as being consistent with the independence of our solare 
zroup. z 

The hypothesis of Laplace tends to explain the general circum- 


stances of our system, viz., the common direction of all the planets. 


from west to east; that of their rotations ; and that of all the 
satellites: also, the small eccentricity of all the orbits ; and finally, 
the small inclination of their planes, especially in comparison with 
that of the solar equator. ` 
^. Tt is supposed by this theory that the solar atmosphere was 
originally extended to the limits, of our system, in virtue of its 
extreme heat; that it was successively contracted by cooling ; and 
that the planets were formed by this condensation. he theory 
rests on two mathematical considerations. The first involves the 
necessary relation between the successive expansions or contractions 
of any body whatever and the duration of its rotation; by which the 
rotation should be quickened as the dimensions lessen and becomes 
slower as they increase, so that the angular and linear variations 
sustained by the sum of the areas become exactly compensated. 
‘The othet’ consideration relates to the connection between the angu- 
lar velocity of the sun’s rotation and the possible extension of its 
atmosphere, the mathematical limit, of which is at the distance at 
o « which the centrifugal force, due to this rotation, becomes equal to 
the corresponding gravity: so that if any portion of the atmosphere 
should:be outside of this limit, it would cease to belong to the sun, 
though it must continue to revolve with the velocity it had at the 
moment of separation. From that moment, it ceases to be involved 
in any iuuuer cunsequences from the cooling of the solar atmos- 
phere. It is evident, from this, how the solar atmosphere must 
have diminished, as to its mathematical limit, without intermission, 
‘in regard to the ‘parts situated at the solar equator, as the cooling 
was for ever accelerating the rotation. Portions of the atmosphere, 
thus parted with, must form gaseous zones, situated just beyond the 
respective limits; and this constituted the first condition of our 
planets. By the same process the satellites were formed out of the 
atmospheres of their respective planets. Once-detached from the 
sun, our planets must become first liquid, and then solid, in the 
course of their own cooling, without being further affected by solar 
changes : but the irregularity of the cooling, and the unequal den- 
-sity of parts of the same body must change, in almost every case, 
the primitive annular forra, which remains in the rings of Saturn 
alone. In most cases, the whole gaseous zone has gathered, in the 
way of absorption, round the preponderating portion of the zone as 
a nucleus: thence’ the body assumed its spheroidal form, Witu a. 
revolving motion in the same direction as its movement of transla- 
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tion, on account of the excess of the velocity of the upper molecules 
in comparison with that of the lower. 

This theory answers to all the appearahces of our system, and 
-explains the difficulty of the primitive impulsion of the planets. It 
shows, also, that the formation of the system has béen successive, 
the remotest planets being the most ancient, and the satellites the 


«most modern.* 


If from points of wiet like these the stability of our system can 
scarcely be regarded as absolute, what it may lead us to suspect is 
that, by the continuous resistance of the general medium, our system 
must at length be re-united to the solar inass from which it came 
forth, till a new dilatation of this mass shall occur ifi the immensity 
of a future time, and organize in the same way a new system, to 
follow an analogous career. All these prodigious alternations of 
destruction and renewal must take place without affecti ng the. most 
general phenomena, occasioned by the mutual action of the suns ; 
so that these revolutions of our system, too vast to be more than 
barely conceived of by our minds, can be only secondary, even local 
events, in relation to really universal transformations. It is not less 
remarkable that the natural history of our system should be, in its 
turn, as certainly independent of the most prodigious changes that 
the rest of the universe can undergo: so that whole systems are, 
perhaps frequently, developed or condensed in other regions of space, 
without our attention being in any way drawn towards these 
immense events. 

The end I had in view in this exposition of astronomical philos- 

fem ophy will be attained if I have clearly exhibjtéd, in 
Recapituiation. reward both to method and to dócirino, the true 
general character of this admirable science, which is the immediate 
foundation of the whole of Natural Philosophy. We iiveé’seén the 
human mind, by means of geometrical and. mechgnical researches, 
and with the help of constantly improving mathematical aids, 
attaining to a precision of logical excellence supérior to any that 
other branches of knowledge admit of. We see the various pheno- 
mena of our system numerically estimated, as the different aspects 
of the same general fact, rigorously defined, and continually repro- 
duced before our eyes in the commonest terrestrial phenomena ; so 
that the great end of all our positive studies, the exact prevision of 
-events, has been attained astompletely as could be desired, in regard 
alike to the certainty and exteat of the prevision. We have seen 


how this science must operate in liberating the human intelléet for 


* The author subjoins a proposed mathematical vj rification of Laplace's cosmo; ‘ony, 
which is not given in the .text, as it does not seem\to rest on adequate foundations, 
If an arithmetical verification be ever obtained, it will probably be in connection with 
the periods of the rotations of the different planets Fas DENN in so far con- 
nected with the nebular hypothesis by the investigations of American inquirer— 
Mr Kirkwood.—J. P. N. 


^ 


CONCLUSION. WT 


ever from all theological and metaphysical thraldom by showing 
that the most general phenomena are subjected to invariable rela- 
tions, and that the order of the heavens is necessary and spontancous. 
This last consideration belongs more particularly to a subsequent 
part of this work; but it has been oux business to point out as we 
went along how the development of astronomical science has shown 
us that the universe is not destined for the passive satisfaction of 
Man; but that Man, superior in intelligence to whatever else he 
sees, can modify for his good, within certain determinate limits, the 
system of phenomena of which he forms a part,—being enabled 
to do this by a wise exercise of his activity, disengaged from all 
oppressive terror, and directed by an accurate knowledge of natural 
laws. Lastly, we have seen that the field of positive philosophy lies 
wholly within the limits of our solar system, the study of the uni- 
verse baing inaccessible in any positive sense.* 

* As before remarked, M. Comte speaks much too absolutely here, in oversight of 
what modern astronomical researches have really accomplished.—J. P. N. 
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CHAPTER I. 


e 


GENERAL VIEW. 


ASTRONOMY was a positive science, in its geometrical aspect, from the 
“Imperfeet Carliest days of the School of Alexandria; but Physics, 
condition of | Which we are now to consider, had no positive char- 
the science. acter at all till Galileo made his great discoveries on 

the fall of heavy bodies. We shall find the state of Physics far less 

satisfactory than that of Astronomy, not only on account of the 

greater complexity of its phenomena, but under its speculative aspect, , 

from its theories being less pure and systematized, and, under its 

practical aspect, from its previsions being less extended andexact. 

The precepts of Bacon and the conceptions of Descartes have ádvanced 

it considerably in the last two centuries, in itsrcharaeter ofa positive 

science; but the empire of the primitive metaphyzicalhabiticis not to 
beat once overthrown; and Physics could not be immediately imbued 
with the positive spirit, which Astronomy itself, dur only completely 
positive science, did not assume in its mechanical aspect till the 
middle of that period. The further we go among the sciences, the 
more we shall find of the old unscientific spirit, and not only in their 
details, but impairing their fundamental conceptions. If we now 
compare the philosophy of Physics with the perfect model offered to 
us by astronomical Philosophy, I hope we shall perceive the posi- 
bility of giving to it, andeafterwards to the other sciences in their 
turn, the same positivity as the first, though their phenomena are far 
from admitting of an equal perfection of simplicity and generality. 

First we must see what is the domain of Physics, properly so 
called. E À \ 

Taken together with Chemistry (for the present), the object of the 

1 two is the knowledge of “the general laws of the In- 
eTis domain. — Organic world. This study hasymarked characters, 
to be analysed hereafter, distinguishing it from the science of Life, 
which follows it in our encyclopedic scale, as well as from that of 


E 
A 


1 


' day, as new discoveries bring to light closer relations 
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astronomy which precedes it. ‘The distinction between Physics 
and Chemistry is much less easy to establish ; and it 


is one more difficult to pronounce upon from day to ° Compared with 


Chemistry. C 


between them. Though the divisions between these sciences is less 
obvious thait between any other two in the scale, it is not the less 
real and indispensable, as we shall gee by three considerations which; 
perhaps, might be insufficient apart, but which, when united, leave no 
uncertainty. . À 

First, the generality which characterises physical researches con- 

trasts with the speciality, inherent in the chemical. 

*s Every physical consideration is applicable to all bodies 
whatever, while chemistry studieg the action appropriate to a par- 
ticular substance. If we look at their classes of phenomena, we find 
that ggavity manifests itself in the same way in all bodies; and the 
same with phenomena of heat, of sound, of light, and even electrical 
effects. The difference is only in degree. But, in the compositions 
and decompositions of Chemistry, we have to deal with specific pro- 
perties, which vary not only in elementary substances, but in their 
most analogous combinations. ‘he only exception which can be 
alleged, in the whole domain of Physics, is that of magnetic pheno- 
mena; but modern researches tend to prove that they are a mere 
modification of electrical phenomena, which are unquestionably 
general. The general properties of Physics were, in the metaphysical 
days of the science, regarded as consisting of two classes ; those which 
were necessarily, and those which were contingently universal. But 
the false distinction arose from the notion of that age, that the busi- 
ness of science was to inquire into the nature of bodies,—the study 
of their properties being a mere secondary affair. Now that we know 
our business to be ‘with the properties alone, we sce the error, and 
need.only ask whether wecan conceive of any body absolutely devoid 
of weight, or of temperature. * 

In the second place, Physics relatcs to masses, and Chemistry to 
molecules; insomuch that chemistry was formerly Dearing with 
called Molecular Physics. But, real as this distinction masses or mote- 
is, we must not carry it too far, but remember that cules. 
purely physical action is often as molecularaschemical action; asinthe 
ĉase of gravity. Physical phenomena observed in masses are usually 
only the sensible results of those which are ‘going on among their par- 
ticles: and, at most, we can expect frorá this only phenomena of sound, 
and perhaps of electricity. As for the necessity of a certain mass, to 
manifest physical action, that is equally indispensable in chemistry. 
The best way of expressing she general fact which lies at the bottom 
of this distinction is, perhans, that in chemistry, one at least of the 


Its generality, 


- bodies concerned must be in a state of extreme division ; while this is 


so far from being a necessary condition of physical action that it is 
rather an impediment to it; This is a proof of a real ,distinetion 
between the two sciences, though it may not be a very marked one. 
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In the third place, the constitution of bodies,—the arrangement 
these ohm: of their molecules,—may bp changed, in exhibiting 
rangement or physical phenomena; but the composition of their 

" sitio 3 Weyez kn z ; 
QUE molecules remains unchangeable : whereas, in Chem- 
istry, not only is there always a change of state in one 
of the bodies concerned, but the mutual action of the ‘bodies alters 


“their nature; and it-is this alteration which constitutes the pheno- 


menon. Many physical agents can, no doubt, work changes of com- 
position and decomposition, if their operation be very energetic and 
prolonged ; and it is this which forms such connection as there is 
between the two sciences: but, at that point of activity, physical 
agencies pass the boundary, and become chemical! ot 
Positive philosophy requires that we should draw off altogether 
from the study of agents, to which it may be imagined that pheno- 


"mena are to be referred. Any number of persous may discover a 


supposed agent,—as, for instance, the universal ether of modern 
philosophers, by which a variety of phenomena may be supposed to 
he explained; and we may not be able to disprove such an agency. 
But we have no more to do with modes of operation than with the 
nature of the bodies acted upon. We are concerned with phenomena 
alone; and what we have to ascertain is their laws, In departing 
from this rule, we leave behind us all the certainty and consistency 
of real science. 

Keeping within our true limits, then, we sce that if chemical 
phenomena should be reduced by analysis into the form of purely * 
physical actions,—an achievement very. possible to the present 
generation of scientific men,—our fundamental djstinction between 
the two sciences will not be shaken. It will spill be true that in a 
chemical fact something more is involved than in a simply physical 
one: namely, the characteristic alteration undergone by thé mole- 
cular composition of the bodies, and therefere by he whole of 4heir 
properties. Such a djstinction is secure amidst any scientific revolu- 
tion that can ever happen. ^ À 

From these three considerations, taken together, we derive our 

Description description of Physics. This science consists in study- 

of Physics. — ine the laws which regulate the general properties 
of bodies, commonly regarded in the mass, and always placed in cir- 
cumstances which admit of their molecules remaining unaltered, and 
generally in their state of aggregation. With a view to the great end 
of all science, we must add tat the aim of physical theories.is to 
foresee, as exactly as possible, all the phenomena that will be exhibited 
by a body placed inany set of given circumstances, excluding, of course, 
such as could alter its nature. This is tot the less true because we 
can rarely attain the prescribed aim, ‘he imperfection is in our 


knowledge alone. In estimating the true character of any science, - 


the only way is, first, to suppose the science perfect, and then to 
Study the fundamental difficulties presented by this ideal perfection. 


n 
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Our description shows us how much more complexity we shall find 
in physical than in astronomical inquiries. In astronomy we study 
bodies, known to us only by sight, under two aspects 
only, their forms and motions. All considerations but 
these are excluded. But in Physics, on the contrary, the bodies we 
have to stuily are recognized by all our senses, and aré regarded 
under an aggregate of general cgnditions, and therefore amidst & 
complication of relations. It is clear, not only that this science is 
inferior to astronomy, but that it would be impracticable if the group 
of fundamental obstacles was not compensated for, up to a certain 
point, by the extension of our means of exploration. We meet here 

°° the law, before laid down, that in proportion as phenomena become 
complicated they thereby become, explorable under a proportionate 
variety of relations. E : 

Of«he three procedures which constitute our art of observing, the 
last, Comparison, is scarcely more applicable herethan arethods of 
with regard to astronomical phenomena. Its proper inguiry. 
application is, in fact, to the phenomena of organized bodies, as we 
shall see hereafter. But the other two methods are entirely suitable to 

5 Physies. Observation was, in astronomy, restricted to the use of a 
single sense; but in Physics, all our senses find occupa- 
tion. Yet would Observation effect little without 

t the aid of Experiment, the regulated use of which is the great 
resource of physicists in all questions that involve any complexity. 

* his procedure consists in observing beyond the range a 

c . . . Hae f "cperiment. 
o&nafnral circumstances ;—in placing bodiesin artificial i 
conditions, expressly instituted to enable us to examine the action of 
the phenomena we wish to study under a particular point of view. 
We can see at Once how eminently this art is adapted to physical 
researches ; and how it must there find its triumphs: since there are 
hardly any bounds to our power of modifying bodies, for the purpose 
of studying their phenomena. In chemistry, experiment is commonly 
supposed to be more complete than ia any other department: but I 
think it is of a higher order in physics, for the reason that in chemis- 
try the circumstances are always artificially arranged, while in physics 
we have the choice of natural or artificial circumstances ; and the 
philosophical character of experimentation consists in choosing the 
freest possible case that will show us what we want. We have a 
wider range, and a choice of simpler cases, in physics than in chem- 
istry.; and in physics, therefore, is eXperiment supreme. f 

The next great virtue of physics is its allowing the application of 
mathematical analysis, which enters into this science, Application of 
andat present goes no further ;—not yet, with real mathematical 
efficacy, into chemistry. Jt is less perfect in physics analysis. 
than in astronomy ; but there is still enough of simplicity and fixed- 
ness in physical phenomena to allow of its extended use. Its employ- 
ment may be direct or indirect :—direct when we can seize the funda- 


Instruments. o 


Observation. 


m 
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mental numerical law of phenomena, so as (o make it the basis ofa ` 


series of analytical deductions; as when F'ovrier founded his theory of 
the distribution of heat on the principle of thermological action be- 
“tween two bodies being proportionate to the difference of their tem- 
peratures: and indirect, when the phenomena have been referred 
to some geometrical or mechanical laws; when, however, it is not 
“properly to physics that the analysis is applied, but to geometry 
or mechanics. ' Such are the cases of reflection or refraction in the 
geometrical relations; and in the mechanical, the investigation of 
weight, or of a part of acoustics. In either case extreme care is 
requisite in the first application, and the further deyelopment should 
be vigilantly regulated by the spirit of physical research. he 
domain of physics is no proper,field for mathematical pastimes. 
The best security would be in giving a geometrical training to phys- 
icists, who need not then have recourse to mathematicians, «whose 
tendency it is to despise experimental science. By this method will 
that union between the abstract and the conerete be effected which 
will perfect the uses of mathematical, while extending the positive 
value of physical science. Meantime, the uses of analysis in physics 
are clear enough. Without it we should have no precision, and no 
co-ordination ; and what account could we give of our study of heat, 
weight, light, ete.? We should have merely series of unconnected 
facts, in which we could foresee nothing but by constant recourse 
to experiment ; whereas, they now have a character of rationalily 
which fits them for purposes of prevision, From the complexity of 
physical phenomena, however, the difficulty of the mathematical" 
application is great. In some, a part of the essential condisions of 
the problem must be thrown out, to admit of its transformation into 
a mathematical question ; and hence the necessity for reserye in the 
enployment of analysis. ‘The art of combining analysis and experi- 
ment, without subordinating the one to the other, is still almost 
unknown. It constitutes the last advance of the true method of 
physical study; and # will be- developed when physicists, and not 
geometers, conduct the analytical process, and not till then. 
Having seen what is the object of Physics, and what the means 
Encyclopeai- Of investigation, we have next to fix its position in 
cal Rank of — the scientific hierarchy. 
Mc The phenomena of Physics are more complicated 
than those of Astronomy;® and Astronomy is the scientific basis 
and model of Physics, which cahinot be effectually studied otherwise 
than through the study of the more simple and general science. In 
Relation to this, we individually follow the course of our race. 
Astronomy. Jt was by Astronomy that the positive spirit was 
introduced into natural philosophy, after it had been sufficiently 
developed by purely mathematical investigations, Our individual 
education is 1 
_ omy what is the real meaning of the explanation of a phenomenon, 


in analogy with this: for we have learned from astron- ’ 
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without any impracticable inquiry about its cause, first or final, 
or ils mode of production. Physics should, more than the other 
natural sciences, follow closely upon astronomy, because, after 
astronomy, its phenomena are less complex than any. E 

Besides these reasons belonging to, Method, there is the grand 
consideration that the theories of astronomy afford the only data 
for the study of terrestrial physics. Our position in the solar: 
system, and the motions, form, size, and eqhilibrium of the mass of 
our world among the other planets, must be known before we can 
understand the phenomena going on at its surface. What could 
we make of’ weight, for instance, or of the tides, without the data 

*»afforded by astronomical science? ‘These phenomena indeed make 

the transition from astronomy to,physics almost in- Relation to 
sensible. In this way Physics is indirectly connected Mathematics. 
with ‘Mathematics. There ‘is also a direct connection, as some 
physical phenomena have a geometrical and mechanical character, — 
as much as those of astronomy, though under a great complication 
of the circumstances. The abstract laws of space aud motion must 
prevail as much in the one science as in the other. If the relation 
is thus unquestionable in the doctrine, it is not less so in the spirit 
and method which we must bring to the study of physics. It must 
be ever remembered that the true positive spirit first came forth from 
the pure sources of mathematical science ; and it is only the mind 
that has imbibed it there, and which has been face to face with the 
Incid truths of geometry and mechanics, that can bring into full 
faction its natural positivity, and apply it in bringing the most 
complex studies into the reality of demonstration. No other disci- 
pline can fitly prepare the intellectual organ. We might further 
say that, as geometrical ideas are more clear and fundamental than 
mechanical ideas, the former are more necessary, in an educational 
sense, 0 physicists thar the latter, though the use of mechanical 
ideas is the more immediate and extended in physical science. 
Thug we see how we must conclude that the education of physicists 
mast be more complicated than that of^astronomers. Both have 
need of the same mathematical basis, and physicists must also 
have studied astronomy, at least in a general way. And this, 
again, assigns the position of their science. 

Its rank is equally clear, if we look in the opposite direction — 
at the sciences which come after it. d 

It can hardly be by accident thát, in all languages of thinking 
peoples, the word which originally indicated the - Relation to 
study of the whole of nature should have become the — "* 15s 
name of the particular science we are now considering. Astronomy 
is, in fact, an emanation from mathematics. very other natural 
science was once comprehended under the term Physics; and that 
to which it is now restricted must be supreme over the rest. “Its 
relation to the rest is just this: that it investigates, the general 
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properties common to all bodies ; that is, the fundamental constitu- 
tion of matter; while the other scieuces exhibit the modifications 
of those properties peculiar to each : and the study of those proper- 
ties in the general must, of course, precede that of their particular 
cases. In regard to Physjology, for instance, it is clear that 
organized bodies are subject to the general laws of iatter, those 


«laws being modified in their manifestations by the characteristic 


circumstances of the state of Life. The same is the case with 


‘Chemistry. Without admitting the questionable hypothesis under 


which some eminent men of our time refer all chemical phenomena 
to purely physical action, it is yet evident that the concurrence of 
physical influences is indispensable to every cheniical act. What: 
could we make of any phenomenon of composition or decomposition, 
if we left out all data of weight, heat, electricity, etc.? And how 
could we estimate the chemical power of these various agents, with- 
out first knowing the laws of the general influence proper to each ? 
Chemistry is closely dependent on Physics; while Physics is wholly 
independent of Chemistry. ; 
As for the direct operation of this science on the human intellect, 
Relation to Ìt is less marked than that of the two natural sciences 
human pro- — which occupy the extremities of the scale,—astronomy 
et and physiology, — which immediately cóntemplate 
the two great objects of human interest,—the Universe and Man : 
but one striking fact with regard to Physics is that it has been the 
great battle-ground between the old theological and metaphysical- « 
spirit and the positive philosophy. In Astronomy the positive 
philosophy took possession, and triumphed almost withoutgopposi- 
tion, except about the earth’s motion ; while in the domain of 
Physics the conflict has gone on for centuries; a circumstance 
attributable to the imperfection of physical, iti’ comparison with 
astronomical science. E e G 
With this science begins the exhibition of human power in 
Human power Modifying phenomena. In Astronomy, human inter- 
of modifying vention was out of the question: in Physics it begins ; 
phones. ~ snd we shall see how it becomes more powerful as we 
descend the scale. This power counterbalances that of exact pre- 
vision which we have in astronomy, through its extreme simplicity, 
The one power or the other—the power of foreseeing or of modi- 
“fying,—is necessary to ofr out-growth of theological philosophy. 
Our prevision disproves the notion that phenomena proceed from a 
supernatural will, which is the same thing as calling them variable z 
and our ability to modify them shows that the powers under which 
they proceed are subordinated to our own. The first is the higher 
order of proof; but both are complete in their way, and certain 
to command, sooner or later, universal assent., The proof which 
Franklin afforded of human control over the fightning destroyed 
the religious terror of thunder as effectually as the superstition 


I 
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about comets was destroyed by the prevision of their return ; though 
the experiments by which Franklin established the identity of the 
lightning with the common electric discharge could be decisive only 
with physicists, while the generality of men could understand’ how 
the return of comets was foreseen. As the opposition between the 
theological and the positive philosophies becomes less simply 
evident, our power of intervention becomes more varied and 'ex- 
tended; the amount of proof yielded in the two cases being equal 
in the eyes of men in general, though not strictly equivalent. 
In regard to the speculative rank of Physics, it is clear that it 
does not admit of prevision to any extent at all com- Prep 
** parable to that-of astronomy, because it consists of imperfect. 
numerous branches, scarcely at all connected with each other, and 
concurring only ina feeble and doubtful way in its chief phenomena. 
We «an therefore see only a little way forward; often scarcely 
beyond the experiment in hand: but we shall see its speculative 
superiority to the sciences which come after it, when, in studying 
chemistry and physiology, we find another kind of incoherence 
existing among their phenomena, making prevision more imperfect 
still. The great distinction of Physics is that which has been 
referred to before—that it instructs us in the art of Experiment.’ 
Philosophers must ascend to this source of experimentation, what- 
ever their special objects may be, to learn what are the spirit and 
conditions of true experimentation, and what the necessary pre- 
^ gautions.—Each of the sciences in the scale presents, besides the 
9 ohargcters of the positive method which are common to them all, 
some itidication appropriate to itself, which ought to gyaracteris- 
be studied at its source, to be duly appreciated. tics of each 
Mathematical science exhibits the elementary con- "e 
ditions of positivity : astronomy determines the true study of Nature : 
physics teaches es the theory of experimentation : chemistry offers 
us the art of nomenclature: and physiology discloses the true, 
theory of classification. i 
T have deferred till now what I have to offer on the important 
subject of the rational construction aud scientific use of hypotheses, 
regarded as a powerful and indispensable auxiliary Philosophy of 
to our study of nature. It is in the region of astrono- Hypothesis. 
my that I must take my stand in diseugsing this subject, thougii it 
was not necessary to advert to it while we were surveying that region. 
Hypothesis is abundantly employed‘in astronomy; but there it may 
he said to prescribe the conditions of its own use,—so simple are 
the phenomena in question there. From thence do I think it 
necessary to derive, therefore, our conceptions of the character and 
rules of this valuable reseurce, in order to its employment m the 


* other departmentsof natural philosophy. 


There are only two general methods by which we can get at the 
law of any phenomenon,—the immediate analysis of the course of 
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the phenomenon, or its relation to some more extended law already 
established ; in other words, by induction or deduction. Neither of 
these methods would help us, even in regard to the simplest pheno- 
mena, if we did.not begin by anticipating the results, by making a 
provisional supposition, altogether conjectural in the first instance, 
with regard to some of the very notions which are the object of the 
inquiry. Hence the necessary -introduction of hypotheses into 
natural philosophy. The method of approximation employed by 
geometers first suggested the idea; and without it all discovery of 
natural laws would be impossible in cases of any degree of com- 
plexity ; and in all, very slow. But the employment of this instru- 
ment must always be subjected to one condition, the neglect of* 
which would impede the development of real knowledge. ‘This 
Necessary condition is to imagine spch hypotheses only as admit, 
condition. by their nature, of a positive and inevitable verifica- 
tion at some future time,—the precision of this verification being 
proportioned to what we can learn of the corresponding phenomena, 
In other words, philosophical hypotheses must always have the 
character of simple anticipations of what we might know at once, | 
, by experiment and reasoning, if the circumstances of the problem s | 
had been more favourable than they are. Provided this rule be 
scrupulously observed, hypotheses mmy evidently be ‘employed 
without danger, as often as they are needed, or rationally desired. 
It is only substituting an indirect for a direct investigation, when 
the latter is impossible or too difficult. But if the two are not ' | 
‘employed on the same general subject, and if we try to reach bye 
hypothesis what is inaccessible to observation and reasonihg, the 
fundamental condition is violated, and hypothesis, wandering out of 
the field of science, merely leads us astray. . Our, study of nature is 
restricted to the analysis of phenomena in order to discover their ^ —~ 
laws ; that is, their constant relations of siccession or similitade ; 
- and can have nothing to do with their nature, or, their cause, first 
or final, or the mode of their production. Every hypothesis which 
strays beyond the domain of the positive can merely occasion 
interminable discussions, by pretending to pronounce on questions 
which our understandings are incompetent to decide.—Every man 
of science admits this rule, in its simple statement; but it cannot 
obe” practically understood,—so often as it is violated, and to such 
a degree as to alter the whole character of Physics. The use of 
conjecture is to fill up provisionally the intervals left here and there i 
by renlity; but practically we find the two materials entirely 
separated, and the real subordinated to the conjectural. It is. 
necessary, therefore, to ascertain and explain the actual state of tho i 


question with regard to Physics. ' | 


o 


two classes of The hypotheses employed by physical inquirers in 
Aypothesis. — our day are of two classes: the first, a very small class, 
relate simply to the laws of phenomena : the other, and larger class, 
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aim at determining the general agents to which different kinds of 
natural effects may be-referred. Now, according to the rule just 
laid down, the first kind alone are admissible: the second have an 
anti-scientific character, are chimerical, and, can do nothing but 
hinder the progress of science. ° 

In Astronomy, the first class only is in use, because the science 
has a wholly positive character. aA fact ig obscure; Firse class ^ 
or a law is unknown: weproceed to forma hypothesis, indispensable. 
in agreement, as far as possible, with the whole of the data we are 
in possession of; and the science, thus left free to develop itself, 
always ends by,disclosing new observable consequences, tending to 
confirm or invalidate, indisputably, the primitive supposition. We 
have before noticed frequent andshappy examples of this method of 
discovering the primary truths of astronomy. But, since the estab- 
| lishment of the law of gravitation, geometers and astronomers havo 


o 
Li 


put away all their fancies of chimerical fluids causing planetary 
motions ; or have, at least, indulged in them merely as a matter of 
personal taste and not of scientific investigation. Tt would be well 
if, in a study so much more difficult as Physics, phil- second class 
osophers would imitate the astronomers. It would chimerical. 
be well if they would confine their hypotheses to the yet unknown ` 
circumstances of phenomena, or their yet hidden laws, and would 
entirely let alone their mode of production, which is altogether beyond 
the limit of our ficulties. What scientific use can there be in 
fantastic notions about fluids and imaginary ethers, which are to 
® account for phenomena of heat, light, electricity and magnetism ? 
Such & mixture of facts and dreams can only vitiate the essential 
ideas of physics, canse endless controversy, and involve the science 
itself in the disgust which the wise must feel at such proceedings. 
~~ These fluids are supposed to be invisible, intangible, even imponder- 
able, and to be inseparable from the substances which they actuate ; 
Their very definition show them to have no place in real science, 
A for the question of their existence is not a subject for judgment : it 
can no more be denied than affirmed : our reason has no grasp of 
them at all. Those who, in our day, believe in caloric, in a lumin- 
ous ether, or electric fluids, have no right to despise the elementary 
spirits of Paracelsus, or to refuse to admit angels and genii. We: 
find them spurning Lamarck’s notion of a resonant fluid ; but'the 
misfortune of this hypothesis was that it came too late,—long after 
the-establishmont of acoustics. Ift had been put forth as early in 
the days of science as the hypotheses about heat, light, and electricity, 
this resonant fluid wonld no doubt have prospered as wellas the rest. 
Without going into the history of more of these baseless inquiries, 
it is enough to point out that they are irreconcilable with each other ; 
and when superficial minds witness the ease with which they destroy 
each other, they naturally conclude the whole science to be arbitrary, 
‘consisting more in futile discussion than in anything else. Each sect 
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, 
or philosopher can show how untenable is the hypothesis of another, 
but cannot establish his own ; and it would generally be easy to devise 
a third which might agree with both. It is true, physicists are 
‘how eager to declare that they do not attribute any intrinsic reality 
to these hypotheses ; and that they countenance them merely as indis- 
pensable means for facilitating the conception and combination of 
phenomena, But we see here the working of an incomplete positivity, 
which feels the inanity of such systems, and yet dares not surrender 
them. But besides that it is scarcely possible to employ a fictitious 
instrument as a reality without at times falling into the delusion of 
its reality, what rational ground is there for proceeding in such a 
way, when we have before us the procedure and ‘achievements of 


astronomical science, for a pattern and a promise ? These hypotheses . 


explain nothing. For instance, the expansion of bodies by heat is 
not explained,—that is, cleared wp,—by the notion of an imaginary 
fluid interposed between the molecules, which tends constantly to 
enlarge their intervals ; for we still have to learn how this supposed 
“fluid came by its spontaneous elasticity, which is, if anything, more 
unintelligible than the primitive fact. And so on, through the 
whole range. These hypotheses clear away no difficulties, but only 
make new ones, while they divert our attention from the true object 
of our inquiries. As for the plea that habit has so taken old of the 
minds of inquirers, that they would be adrift if deprived of all their 
moorings at once, und that their language must be superseded by 


a wholly new one, I think this kind of difficulty is very much exag- © 


gerated. We have seen, within half a century, how often men hayce 
contrived to pass from some physical systems to their oppôsites 
without being much hindered by obstacles of language. There would 
be scarcely more difficulty in casting aside futile hypotheses; and 
we might, as we see by existing examples, gradutilly substitute the 
real and permanent meaning of scientific tems for the fancifulyand 
variable interpretation. : 

These fluids are nothing more than the old entities. materialized. 

History of the Whichever way we look at it, what is heat apart from 

second class. the warm body, light apart from the luminous body, 
—electricity apart from the electric body? Are they not pure 
entities, like thought apart from the "thinking body, and digestion 
apart from the digesting body? Here we have, instead of abstract 
beings, imaginary fluids deprived, by their very definition, of all 
material qualities, so that we cànnot even suppose in them the limit 
of the most rarefied gas. If the descent of these from the old 
entities be not recognized, what filiation of ideas can ever be 
admitted ? The essential character of metaphysical conceptions 
is to attribute to properties an existence Separate from the'sub- 
stance which manifests them. What dees it matter whether we 
call these abstractions souls or fluids? ‘The origin is always the 
same; and it is connected with that inquisition into the essence of 
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things which always characterizes the infancy of the human mind, 
occasioning, first, the conception of gods, which grew into that of 
souls, which became in time imaginary fluids. In all positive 
science, our understandings, unable to pass abruptly from the fneta-* 
physical to the positive stage, have travelled through this transition 
state of development. Metaphysics itself is the transition stage 
from theology to positive science ; ,but a secondary transition is also 
necessary, as we see by the fact; a transition from metaphysical to 
positive conceptions. The mathematicians and astronomers have 
attained the positive basis. The physicists, the chemists, the 
physiologists, and the social philosophers, are now in the last period 

oof transition; the physical inquirers, ready to pass up to the level 
of the astronomers and geometers, and all the others held back for 
a while by the complexity of their respective subjects ; as we shall 
see hereafter. ‘Chis bastard positivism was the way out of the old 
metaphysical condition, in which men would, but for it, have been 
imprisoned to this day. Nascent science first humoured the con- 
stitutional need, and then led us on by offering to our minds, in the 
place of the old scholastic entities, new entities, more tangible, which 
must by their nature introduce into our studies the contemplation 
of phenomena and their laws, restricting us to these more and more. 
This seems to have been the important temporary use of this system 
of hypotheses; to enable us to pass from the metaphysical to the 
positive stage. s 

"^. Astronomy has not been exempted from this transition state, any 
more, fhan the other sciences ; but if was over so long hae 
ago that it is forgotten,—so few are those who are in- à 
terested in the history of philosophy! If we look back to the action 
of the human mind in the seventeenth century, we shall see how 
eeometers_ and astronomers were preoccupied with hypotheses of 
the lind we are considering. ‘here is no better example of them 
than that famous conception, the Vortices of Descartes ; for it pre- 
sents clearly the three stages of existence common to them all; the 
creation of the hypothesis, its temporary use, and its rejection when 
its purpose is answered. These vortices, so ridiculed by men who 
believe in caloric, ether, and electric fluids, helped us to a sound 
philosophy by introducing the idea of mechanism, where even Kepler 
had imagined only the incomprehensible action of souls aud 
geni. When the discussion had attüjned the firm ground of 
Celestial Mechanics, founded upon ‘he Newtonian theory, the in- 
fluence of the Cartesian hypothesis ceased to be progressive, and 
became retrograde. ‘To the last, the Cartesian philosophers insisted, 
in arguments as plausible as those of our existing physicists, that 
it was impossible to philospphize without such a hypothesis. | They 
were auswered in the a effectual way, by philosophizing in an- 
other mode: and the vortices were heard of no more when geometers 
and astronomers apprehended the true object of scientific studies, 
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The Cartesian hypothesis contributed to the education of the Huma 
mind by leading it to see that we have nothing to do with the 
primitive agents, or mode of production of phenomena, but only 
with iheir laws. If, in the other Sciences, we have, as their pro- 
fessors assert, reached the stage of positivity, hypotheses like that 
of the vortices may be dismissed,.as no longer needed ‘to bring us $ 
vut of the metaphysical state. As soon as they are needless, they 


The transition has been obvions elsewhere than in astronomy, 
: Tt has taken place in the most advanced departments 
a of Physics; and especially with regard .to Weight, 
There was scarcely a philosopher, even ‘long after Galileo's time, « 
who had not some system to offer about the causés of the fall o£ 
bodies. At that time, such hypotheses appeared the only method of 
studying weight; but who hears of them now ? Acoustics. was 
emancipated about the same time. The labours of Fourier will 
evidently release thermology ; and then there will remain only the 
study of light and of electricity ;* and no reason can be assigned . 
for their exclusion from the general rule. The question will be 
regarded as settled henceforward by all who believe that the 


historical development of the human mind is subject to natural 
laws, determinate and uniform ; and such will admit, as thé principle 


of the true theory of hypotheses, that every scientific hypothesis, to 
be a matter of judgment, must relate exclusively to the laws of 
phenomena, and never to their mode of production. p 
Here we find, as in every analogous case of difficulty, the use pf 
the comparative historical method which T lave just employed, 
We shall enlarge on this hereafter: meantime, I must offer the 
‘observation that the philosophy of the Sciences cannot be properly 
studied apart from their history ; and, conversel¥, that the, history 
apart from the philosophy, would be idle and unintelligible, e 
In reviewing tlie different departments of Physics, I shall follow 
Ruleofar- — ihe rule which determines the order of the sciences 
Spent themselves : that is, T shall take them in the order 
Lo of the Senerality of their phenomena, their simplicity, 
the relative perfection of our knowledge of them, and their mutual 


dependence, Under this rule, we shall find that the departments 
thet offer themselves first borde 


: r upon Astronomy, and those that 
come last, upon Chemistry e 

Tiret will come Weight, in solids and fluids, reside, 
and dynamically, About this assignment, there ave no ty 
Weight being absolutely universal. Ttg phen 
dependent of ot ier, aud 50 exactly understood tha 
almost as positive i: Mm astronomy, to whioh IUIS Very nag, 
Blectiic phonomona »emg the inost Opposits of al} to qi 


* In Electricity, the h pothesis of fluids js rapidly violas ; 
les of Polarity. P 5 P, N. CPU yielding ie 


fore the rational ' 
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in all these particulars, will come last; and they are closely allied 
to chemistry. Between. them will come thermology, acoustics, and 
optics. Fourier put away, in his study of heat, all fantastic notions 


about imaginary fluids, and brought his subject up to such x point 


* of positivity as to place it next to the study of gravity. Acoustics 


c 


might, perlfaps, contest its place with thermology, but for the gener- 
ality of the phenomena of the latter. In regard to positivity, there 
is little to choose between them: but there are gaps in our know- 
ledge of acoustics which also indicate the lower place for it. Our 
order then is—Barology, or the science of weight: 
thermology, or the science of heat: acoustics, optics, 
and electricity. But we must beware of attaching too much impor- 
tance to this arrangement, which js really little better than arbitrary, 
though as good as our present knowledge admits. We shall now 
proceed to a philosophical teview of them, exempt from details ; 
having, in this chapter, analysed the proper object of Physics ; the 
modes of investigation appropriate to it; its position in regard to 
the other sciences; its influence upon the education of human 
reason ; its degree of scientific perfection ; its incomplete positivity 
a6 present; the means of remedying this by a sound institution of 
hypotlieses ; and finally, the rational distribution of its different 
departments. 


Order. 
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CHAPTER II. 
BAROLOGY. 


Norwirnsranpine the advanced state of our means for the study 
of Barolozy, we have no complete «theory o£ weight, but only frag- 
mentary portions of a theory, dispersed through treatises on rational 
mechanics or physics. Tt will be of Sreat advantage to bring taem 
together. 1 : 
The division 6f the subject is into two principal sections, sub- 
MU divided into three ; the Statical and Dynamical con- 
DIES sideration of weight, in its application to solids, 
liquids, and gases, Both philosophically and historically, this 
ivision is indicated, 


SECTION I. 


STATICS. s 


Taking the statics of gravity first, we must poing out that we owe 
Statics of — our elementary notions of positive barology to Archi- 

x GUT. — pedes He first clearly established ‘that the statical 
effort produced in a body by gravity —that is, ifs weight-—is en- 
tively independent of the form of the surface, andedepends only on 
History, the volume, as long as the nature and constitution of 
i the body remain unchanged. This may appear to ug 

very simple; but it is uot the less the true germ of a-leading pro- 


position in natural philosophy, which Was perfected only at the end 


of the last century ; namely" that not only is the weight of ‘a body 
independent of its form, and even of its dimensions, but of the mode 
of aggregation of its particles, and of all variations which can Occur 
in their composition, even "by the different vital Operations : į 
word, that this quality is absolütely unalterable, exce 
cumstance of its distance from the centre of the earth, 
could take none but geometrical circumstances into the 
but, in this elementary relation, his work Was completo He not 
ouly discovered that, in homogeneous maşses, the weg], à 

in proportion to the volume ; but he disc est means 
of Measuring, in solid bodies, by his famo 


| 0 : principle, 
t fin any d I d , 
lé specific coefficient which enables us to estimate, according to 
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this law, the weight and volume of the body, by means of each other. 

We owe to him too the idea of the centre of gravity, together with 

the first development ‘of the corresponding geometrical theory. 

Under this view, all problems respecting the equilibrium of «solids 

are included in the domain of rational mechanics :*so that, except 

the important relation of weight to masses, which could be fully 

Known only to the moderns, Archimedes ought to be regarded as 

the true founder of statical baroldvy,-in rélation to solids. here 

is, however, another leading idea which was not clear in the time 

of Archimedes, though it became so soon’ afterwards ; that of the 

law of the direction of gravity, which men spontaneously considered 
»,t0 be constant, aid which the school of Alexandria ascertained to vary 
from place to place, always being perpendicular to the surface of the 
terrestrial globe; a discovery whfch is evidently due to astronomy, 
by which alone the means are offered of manifesting and measuring, 
by comparison, the divergence of verticals. 

Theancients had no accurate ideas about the equilibrium of liquids; 
for Archimedes contemplated only the equilibrium Cases of 
of solids sustained by liquids. His principle did not liquids. 
result, as with us, from an analysis of the pressure of the liquid 
against the vessel containing it, thus disclosing the total force 
exercised by the liquid in sustaining the weight. ‘The theory of 
gravitating liquids is to be ascribed to the moderns. 

The mathematical character of fluids is that their molecules are 
absolutely independent: and the geometrical character of liquids is 
that: they are absolutely incompressible. Neither of these is strictly 
trie. ‘The mutual adherence of fluid molecules now forms an 
interesting sectio of physics; and, as for the compressibleness of 
liquids, it was indicated by several phenomena,—especially the trans- 
mission of sound by water,—and it is now proved by unquestionable 
experiments. The contyaction as yet producible is very small ; and 
we do not know what law the phenomenon follows, in its relation to 
variation of pressüre. But this uncertainty dogs not affect the theory 
of the equilibrium of natural liquids, owing to the extreme smallness 
of the condensation. In the same way, imperfect fluidity is no 
hindrance, provided the mass has a certain extension. We may 
therefore put aside these exceptions, and proceed to consider the 
equilibrium of gravitating liquids, in the two cases in which they 
are studied : in a mass so limited that «he verticals are parallel, 
which is the ordinary case; or in a great mass, as that of the sea, in 
which 'we have to allow for the variable direction of gravity. 

In the first case, there is clearly no difficulty about the surface: 
and the whole question is of the pressure against the -rinst case, 
enclosing vessel, Stevinus, following the principle of i 
Archimedes, showed that the pressure upon a horizontal boundary, or 
floor, is always equal to tlie weight of the liquid column of the same 
base which should issue at the surface of equilibrium : and he after- 

VOL, I. j N 


194 POSITIVE PHILOSOPHY. 


wards resolved into this the case. of an inclined boundary, by decom- 
posing it into horizontal elements, as we now do. From this 5 
appeared that the pressure'is always equal to the weight of a vertica 
^oluinu which should have the proposed boundary for its base; and 
for its height that of the surface of equilibrium above the centre 
of gravity of this boundary. According to that, the infinitesimal 
analysis enables us easily to calculate the pressure against any definite 
portion of any curved surface. Te most interesting physical result 
1s the estimate of the total pressure supported by the whole of the 
vessel, which is necessarily equivalent to the weight of the liquid it 
contains, The equilibrium of floating bodies is only a simple appli- 
cation of this rule of measurement of pressure. Tho immersed part 
of the solid is a boundary ; and it is clear that the pressure of the 
liquid to sustain the body is equivalent to a.vertical force equal to 
the weight of the displaced fluid, and applied to the centre of gravity 
of the immersed portion. his rule is precisely the principle of 
Archimedes. ‘I'he main problem was geometrically treated by him. 
The only really difficult research in this matter relates to the con- 
ditions of stability of this equilibrium, and the analysis of the oscil- 
lations of the body floating round its stable position; and this is one 
of the most complex applications of the dynamics of solids. If the 
question was of the vertical oscillations of the centre of gravity, the 
study would be easy, because we can estimate at once the way in 
which the pressure increases as the body is further immersed, and 
diminishes as it rises, tending always to a return to the primitive , 
state. But it is otherwise with oscillations from rotation, whether of 
rolling or pitching, the theory of which is a matter of much interest 
in naval art. Here, the mathematical difficulties of the problem can 


be met only by abstracting the resistance and agitation of the liquid ; 


and the labours of zeometers become merel y mathematical exercises, 
of no practical use. if 


qe 


Second case, COMPOSE the greater part of the earth's surfaceis clear] y 


planets : but difficul 
intervene, and c 
shows us that 


ually distant from the earth’s centre; a condition 
ic ip le ersour variety of temperatures in different 
positions. ‘There is no rationakresult from any practicable study of 
currents, of varying temperaturés, of the compressibleness of liquids 
all of which, though following unknown laws, are necessary to the 
solution of the problem. We have no better resource, at present, than 
in empirical studies: and these, which belong more to the natural 

_ history of the globe than to physics, are y “ty imperfect ! 
"Phe theory of tides will hereafter, When (eee and their 


arrangements are more perfected, take its place in the department . 
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of barology. The periodical disturbances of the equilibrium of the 
ocean are a proper subject for study in connection with terrestrial 
gravity ; and if can make no difference that the cause of those per- 
turbations is found in the planetary system. > $ re 

In studying the third question of equilibrium, that of gases, we 
meet with d difficulty which does not pertain to that 
of solids and liquids ;—we have ta, discover,the grav- 
ity of the general medium in which we live. In the case of liquids, 
we have only to weigh an empty vessel, and then the same vessel 
filled ; whereas, in the case of the atmosphere, a vacuum cannot be 
| created but by artificial means, which must themselves be founded 
eon a knowledge of the weight of the medium to be weighed. The 

fact can be ascertained only by, indirect means ; and those are 

derived from the theories of pressure which we have been noticing. 

Stevimus was not thinking of the atmosphere in elaborating his 

theory; but, as it answered for heterogeneous liquids, it must 

answer for the atmosphere. From that date, the 
means for ascertaining the equilibrium of the atmos- 
phere, in a positive manner, were provided. Galileo projected the 
work, in his last years ; and it was well executed by his illustrious 
disciple, Torricelli. He proved the existence and measurement of 
atmospheric pressure by showing that this pressure sustained dif- 
ferent liquids at heights inversely proportioned to their densities, 

Next, Pascal established the necessary diminution of this pressure 
^ af increasing heights in the atmosphere ; and Guericke's invention 
of the air-pump, an inevitable result of "l'orricelli's* discovery, gave 
us direct demonstration in the power of making a vacuum, and 
consequently of estimating the specific gravity of the air which 
snrrounds us, which had hitherto been only vaguely computed. 
he exention and improvement of instruments of observation is an 
invariable consequence of scientific discovery; and, in this case, 
the fruits are the barometer and the air-pump. 

One condition remained, before we could apply the laws of hydro- 
statics to atmospheric equilibrium. We had to learn the relation 
between the density of an elastic fluid and the pressure which it 
supports. In liquids (supposed incompressible) the two pheno- 
mena are mutually independent ; whereas, in gases they are inevit- 
ably connected: and-herein lies the essential difference between- 
the mechanical theories of the two fluids. The discovery ef this 
elementary relation was made about ‘the same time by Mariotte in 
France and Boyle in England. These illustrious philosophers 
"proved by their experiments that the different volumes successively 
occupied by the same gaseous mass are in an inverse ratio to the 
different pressures it receives. This law has since been verified by 
increasing the pressure tc: nearly that of thirty atmospheres; and 
it has been adopted as the basis of the whole Mechanics of gas and 
vapours. But we must beware of accepting it as the mathematical 
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expression of the reality; for it is evidently the same thing as 
regarding elastic fluids as always equally compressible, hows 
i compressed they may already be; or, conversely, as always equally 
dilatable, howeyer dilated they may already be :—suppositions 
` which cannot be indefinitely extended. But thus it is, more or less, 
with all the laws we have ascertained in our study of nafure. They 
approximate, within narrow limits, we must suppose, to the mathe- 
' matical reality: but they are not that reality itself, even in the 
grand instance of gravitation. These laws are sufficient for our use 
and guidance; and that is all the result that positive science pre- 


tends to. 


o ? 
Under the law of Mariotte and Boyle, the theory of atmospherics“ 
Condition of equilibrium falls into the department of Rational 
the problem. Mechanics. We see at once that the air can no more 

be in a state of real equilibrium than'the ocean ; and so mueh the 

further from it as heat expands air more than water. Yet we must 

conceive of the partial equilibrium of a very narrow atmospheric 
column, to form a just general idea of the mode of diminution in 
regard to the density and pressure of the different strata. Putting 
aside considerations of heat, and the small effects of gravitation in — 

such a case, we see that density and pressure must diminish in a 

geometrical progression for altitudes increasing in aljthmetical pro- 

gression: but this abstract variation is retarded by the diminishing 
heat of the loftier atmospheric: strata, which makes\each stratum 

more dense than it would be from its position. pre, therefore, ^ * 

we are stopped by the intervention of a new element which ye glo 

not understand,—the law of the vertical variation of atmespheric | 
temperatures, —our ignorance of which can þe supplied only by 

inexact and uncertain expedients. Great caution is necessary in 

using Bouguer's method of measuring altitudes by the barom 


meter; 99. 
a method very ingenious, but depending on such;complex and un- | 
certain conditions, and requiring sometimes so much delay, that it 


is even preferable, when circumstances permit, to enter upon a 
geometrical measurement, which has so greatly the advantage in 
certainty. Yet, considered by itself, the method of measurement 


by the barometer is valuable for its contributions to our knowledge 
of the surface reliefs of our globe. 


B 
D 


SECTION II. 
DYNAMICS. 


We have now to consider the laws of n 
and of Solids, in the first place. 

„The last elementary notion about gravity,—that of the necessary 
Proportion between weight and mass,—which Ww. 


p a as still wantine to 
Statical barology, was established by the admirable observation that 


otion of gravitating bodies ; 


? 
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all bodies in a vacuum fall through the same space in the same time. 
Proceeding from this, we must examine the discovery of the laws of . 
motion produced by gravity. We shall find herein, ^ : 
not only the historical origin of physics, but the most mic 
perfect method of philosophizing of which the science admits. 
Aristotle observed. the natural acceleration of bodies in their fall; 
but he could not discover the law of the case, for want of the 
elementary principles of rational dynamics. His hypothesis, that 
the velocity increases in proportion to the space traversed, was 
plausible, till Galileo found the true theory of varied motions. 


. When Galileo had discovered the law that the velocity and the 
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space traversed were necessarily proportioned, the one to the time, 
and the other to its square, he showed how it could be verified in 
two ways; by the immediate,observation of the fall, or by retarding 
the "lescent at will by the aid of a sufficiently inclined plane,— 
allowance being made for the friction. An ingenious instrument, 
which affords a convenient verification, was afterwards offered by 
Atwood: it retards the descent, while leaving it vertical, by com- 
pelling a small mass to move a very large one in that direction. 

By this one law of Galileo, all the problems relating to the 
motions of falling bodies resolve themselves into questions of rational 
dynamics. "hey, indeed, compelled its formation, in the seventeenth 
century; as, in the eighteenth, questions of celestial mechanics 
thoroughly developed it. In all that relates to the motion of trans- 
lation of a body in space, this study is due to Galileo, who established 
ilie theory of the curvilinear motion of projectiles—allowance being 
made for the resistance of the air. All attempts, however, to ascer- 
tain the effect of tkis resistance have hitherto been in vain; and 
therefore the study of the real motion of projectiles is still extremely 
impérfeczs. > 

KS for the motions that gravity occasions in bodies that are not 
free in space,—tke only important case is that of a body confined to 
a given curve. Tt constitutes the problem of the pendulum, which 
we have already considered, as the immortal achievement of 
Huyghens. Its practical interest, as the basis of the most perfect: 
chronometry, presented itself first: but it has besides furnished two 
general consequences, very essential to the progress of barology- 
First, it enabled Newton to verify the prgportion of weight to mass 
with much more exactness than would have been possible by the 
experiment of the fall of bodies in'a vacuum; and, in the secon 
place, the pendulum has enabled us, as we saw before, to observe the 
differences of the universal gravity at different distances from the 
earth's centre, It is by the use of this method that we are con- 
tinually adding to our knowledge of the measure of gravity at various 

joints on the globe, and, therefore, of the figure of the earth. ə 

In these different sectións of dynamical barology, solid bodies are 


regarded as points,—considerations of dimensions being. discarded : 


á 
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order of difficulties arises when we have to consider the 
En which the body is really formed. With regard to cases 
of restricted motion, as the pendulum, the thing to be done is to 
find out under what laws the different points of the body modify 
the unequal times of their respective oscillations, so that the whole 
may oscillate as one point, real or ideal. This law, discovered by 
Huyghens, and afterwards obtained by James Bernouilli in a more 
scientific manner, easily transforms the compound into the simple 
pendulum, when the moment of inertia of the body is known. he 
study of the pendulum is involved in all the questions of the 
dynamics of solids. To give it the last degree of precision, it is 


necessary to consider the resistance of the air,-though that resistance’ 


is small in comparison with the case of projectiles. This is done, 

with ease and certainty, by comparing theoretical oscillations with 

real ones, exposed to the resistance of the air; when, of cours, the 
difference between the two gives the amount of that resistance. 

We have seen enough of the. difficulties of hydrodynamics to 

oe understand that the part of dynamical barology which 

: relates to fluids must still be very imperfect. In the 

case of the gases, and especially of the atmosphere, next to nothing 

has been attempted, from the sense of the impracticable, nature of 

. the inquiry. “he only analysis which has been proceeded with, 

Cale of liquide in regard to liquids, is that of their flow by very 

“small orifices in the bottom or sides of a vessel: that; 


is, the purely linear motion, mathematically presented by Daniel” 


Bernouilli, in his celebrated hypothesis of the parallelism of lamive, 
Its principal result has been to demonstrate the rule, empirically 
proposed by Torricelli, as to the estimate of the velocity of the 
liquid at the orifice, as equal to that of a weighf falling from the 
entire height of the liquid in the vessel. Now, this rulo2zis"been 
reconciled with observation, even on the supposition of an invarlable 
level, only by an ingenious fiction, suggested by the singular pheno- 
menon of the contraction of the liquid filament. The case of a 
variable level is scarcely entered upon yet; or any which involves 

orifice. As for more complex cases,—their 


the form and size of the 
theory is yet entirely in its infancy. * 

: From this cursory review of Barology we may carry aw 
idea of its spirit, and of the progress of which’ it admits, 
as our survey has been, we may perceive that this fir: 
Physics is not only the purest; but the richest. 
in it a character of rationality, and 
we shall not meet with in other pa 


ay some 
Imperfect 
st province of 
We may observe 
a degree of co-ordination which 
rts of the science. It is because 
* The subjects here spoken of by M. C 


o omte have recent} received remárk 
elucidation through experiments entered upon chiefly by peer 
“ British Association for the Advancement of Sclenck "'hére cannot be xo hope, 
n the present state of our iiw edge, of ascending otherwise than empirically 
wards any general law or rules which will either compre nl MIS 
Weititrache I EN T prehend phenomena, or be of 
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we look for a consistency and precision almost like those that we 
find in astronomy that^we consider barology so imperfect as we do. 
Tt has long attained its position of positivity: there is no one of its 
subdivisions which is not at least sketched out: all. Zeisting state 
the general means of investigation, Observation, of Barology. 

Experiment, and Comparison, have been successively applied, to it; 
and thus its future progress depends only on a more complete 
harmony between these three methods, and on a more uniform and 
close combination between the mathematical spirit and the physical. 


n 
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CHAPTER III. 
THERMOLOGY. 


Nexr to the phenomena of gravity, those of heat are, unquestion- '* 
ably, the most universal in the province of Physics. Throughout 
the economy of terrestrial nature, dead or living, the function of 
heat is as important as that of gravity, of whicheit is 
the chief antagonist. ‘The consideration of gravity 
presides over the geometrical and mechanical study of bodies: 
while that of heat prevails in its turn, when we investigate deeper 
modifications, relating to either the state of aggregation or the com- 
position of molecules : and finally, vitality is subordinated to it. 
The intelligent application of heat constitutes the chief action of 
man upon nature. "Phus, after barology, thermology is, of all the 

parts of physics, the one which most deserves our study. 

The earliest scientific observations in thermology are almost as 

old as the discoveries of Stevinus and Galileo on gravity, the inven- ' 
. lion of the thermometer having taken place at the beginning of the 
seventeenth century : but, owing to the complication of its*pheno- 
Tis history, MEVA, it has always been far distanced by barology. 
‘At the end of the seventeenth centyry, the indications 


Its nature. 


of the thermometer could not be compared, for want of tsfixea **. 


points, the necessity for which was, at that time; pointed out, by 
Newton, The greatest difference between the two, studies, however, 
was in their spirit, "While philosophers were already inquiring, 
with regard to weight, what were its phenomena and their laws, 
those Who were studying heat were looking for the nature of fire, 
and reducing tite facts of the case to something merely episodical. 
It was only at the end of the last century, that the great discovery 
of Black imparted anything of a scientific character to thermology, 
while barology was almost as much advanced as it is now. Olt 
philosophers still entertain some of the old chimeras; but nosy very 
loosely, and, as they say, to facilitate the study of the phenomena. 
The labours of Fourier, however, must soon establish a thoroughly 
scientific method’ and this result cannot but be aided by the fact 
that the two great modern hypotheses about the nature of heat are 
direct collision. It is certain that, of ak the provinces of physics, 


thermology is the nearest to a complet emancipation from the 
: anti-sciențific spirit. 
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| Of all the branches of Physics which admit Mathematical 
Analysis, this is the one which exhibits the most Relation to 
special application of it. Barology enters into the Mathematics. 
province of rational mechanics; and so, in a less degree,” does“ 
acoustics. . The analytical theory of heat now offers a scientific 
character a$ satisfactory as that of gravity. and sound ; and it may 
be treated as a dependency of abstract Mechanics, without any 
resort to chimerical hypotheses. Our present business is, however, 
with the purely physical study of Heat. 


: SECTION I. 


MUTUAL THERMOLOGICAL INFLUENCE. 


Physical thermology consists of two ‘parts, distinct, but nearly 
connected. The'first relates to the mutual influence 
of two bodies in altering their respective tempera- 
tures, The second consists in the study of those alterations: that 
is, of the modifications or entire change which the physical consti- 

. tution of bodies may undergo in consequence of their variations of 
temperature, stopping at the point at which chemistry intervenes, 
—that is, where the molecular composition becomes affected. ‘The 
first of these consists in the theory of warming and cooling. : 

d No thermological effect is produced between bodies of precisely 
the same temperature, ‘I'he action begins when the First: Mutual 
temperatures become unequal. The warmer body! ‘fluence. 
then raises the temperature of the cooler ; and the cooler depresses 
that of the warmer, fill, sooner or later, they reach a common tem- 

_ perature. Though the final state may usually be at an unequal 

wqistane: fyom the two extremes, action is not, properly speaking, 
the less truly equivalent ‘to reaction in a contrary direction. This 
case again divides itself into two. The bodies may act at a distance, 
greater or smaller ; or they may be in contact. The first case con- 
stitutes what is called the radiation of heat. 

The direct communication of heat between two isolated bodies 
was long denied by philosophers, who regarded the air, or some 
other medium, as indispensable to the effect. But there is now no 
doubt about it; as thermological action takes place in a vacuum‘ 
and the small density and conducting power of the air could not 
account for the effects observed in the majority of ordinary cases. 
This action, like that of gravity, extends, no doubt, to all distances, 
jn conformity to the fundamental approximation between these two 

great, phenomena, pointed out by Fourier; for we can conceive 0 

the planets of our system as exerting an appreciable mutual influ- 
ence in this respect? and is seems as if the temperature of the whole 
solar system were attributable to the thermometrical equilibrium 
to which all the parts of the universe are for ever tending. 


Two parts. 
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` The first law relating to such an action consists in its rectilinear 
Radiation propagation. Though the term radiation has been 
of Heat. connected with untenable hypotheses, we may retain 
it, provided we carefully restrict it to the meaning that it is in a 
right line that two points act thermologically on each other. It 
thus implies that in placing bodies to prevent this mutual action 
‘between two others, the absorbiag body must be placed in a right 
line—This radiating heat can be reflected like light, and in con- 
formity with the same rule: and it undergoes the same refractions’ 
as light, with some modifications—Another question about this 
action relates to the influence of the direction of radiation considered - 
in regard to the surface of either the warming or the warmed body: 
1e experiments of Leslie, confirmed by the mathematical results 
of the case, have established that, in either case, the intensity. of the 
action is greater as the rays approach the perpendicular, an@ that 
1t varies in proportion to the sine of the anle that they form with 
each surface—The last consideration, and the ‘most important, is 
the difference of temperatures between the two ‘bodies. When this 
difference is not very great, the intensity of thle action is in precise 
proportion to it: but this relation appears to cease when the tem- 
peratures become very unequal. e 
? When the radiation is not direct, but transmitted through an . 
intermediate body, the conditions just noticed become complicated 
_ With new circumstances relating to the action;of the interposed body. ,, 
e owe to Saussure a fine series of axpd snents—hardly varied 
enough, however—upon the effect of a set of transparent coveriags 
in changing remarkably the natural mode of aceumulation or dis- 
persion of heat whether radiant or obscure.s More recently, M. 
Melloni has pointed out an essential distinction, between the trans- . 
mission of heat and that of light, in proving that themosttxaisitient 


bodies are not always those through which heat passes most éhsily ; 
85 was previously supposed. j 


t is well for physicists to separate the radiation of heat from its 
Propagation propagation by 


p a y contact, for analytical purposes ; but 
D it is evident that the separation cannot be found in 
Beside: d ney are always found in connection, however unequally, 

_ Besides that the atmosphere can hardly be absent, and is always 

establishing an equilibrium of heat between ‘bodies that are apart, 
it is clear that ib is only the state of the surface that can be deter- 

mined by radiation. "Phe interior parts, which have as much-to do 
with the final condition as the surface, can grow warmer or cooler 
only by contiguous and gradual propagation. Thus, no reall ongo 
can be analysed by the study of its radiation alone, At 1 gi 

the action by contact of two bodies ca take Placera e EM 7 

small portions which are in contact, while thi aa E ien 

me each other by the radiation of all the rest of then se 
us, though the two modes of action are really distinct, SON 


Do 


oe 
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‘analysis of either is rendered extremely difficult by their perpetual 
combination. . i 
OF the three conditions noticed above, relating to the action 
exerted at a distance, the only one which applies equally to the pro~ 
pagation of, heat by contact is the difference of temperatures. ‘The 
temperature of the parts in question can have so little inequality, 
that the law which makes the action increase in proportion to the 
difference may be regarded almost as an exact expression of. the 
fact. As for the law relating to direction, it probably subsists here 
too, though we cannot be perfectly assured of it. But that law 
which relates to the: distance must be totally changed ; for, on the 
one hand, the action of the almost contiguous particles cannot, be 
nearly so great as the variations which we are able to estimate 
would lead us to suppose; and, on the other hand, when we com- 
par& the various small intervals between them, the diminution is 
certainly much more rapid than in the case of distant bodies. 
"Whatever may be the mode of thewarming and cooling of respective 
bodies, the final state which is established under the laws just 
noticed is numerically determined by three essential coefficients, 
proper to every natural body, as its specific gravity is in barology. 
Under,the old term ‘conduclibility, two. properties were con- 
founded, which Fourier separated, giving them the  conductibitity. 
names of penetrability and permeability ; the first 
signifying that by which heat is admitted at the surface, or dispersed 
from it, and the other that by which the changes at the surface are 
propagated through the interior. Permeability de- 
pends altogether on the nature of the body and its state 
of aggregation. The differences of bodies in this respect have 
always been open to observation ; for instance, the rapid propagation 


Permeability. 


cM 


OF nca in, metallic bodies in comparison with coal, which may be 
burfing at one point and scarcely warm a few inches off, while the 
heat rapidly pervades the whole body of metal. : Tt varies with the 
physical constitution of bodies, so diminishing in fluids that even 
Rumford went so far as to deny permeability in them altogether, 
ascribing the propagation of heat in them to interior agitation. 
his was a mistake ; but permeability is very weak in liquids, aud 
weaker still in gases. As to penetrability, while 
partly depending on the state of aggregation of bodies, ‘ 
it depends much more on the statg of their surfaces,—on colour, 
polish, and the regularity in which radiation in various directions, 
can take place, and divers other modifications : and it changes in the 
same suríace as it is exposed to the action of different media. 
Strictly speaking, the different degrees of these two kinds of 
conductibility cannot affect the final thermological state of the two 
bodies, but only the time, ab which it is reached. Yet, as meal 
questions often become there questions of time, it is clear that if the 
inequalities are very marked, they must affect the intensity of the 


Penetrability. | 
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na under study ; for instance, where the permeability is SO 
DEM the equip interior heat cannot be obtained in time, 
but by applying such heat to the surface as will break or burn it; 
in which case, the phenomenon cannot take place; or not within any 
practicable time. In general, the more perfect both kinds of 
conductibility, the better the bodies will obey the laws of thermologi- 
čal action, at a distance or in contact. It would therefore be very 
important to measure the value of these two coefficients for all 
bodies under study: but unhappily such estimates are at present 
extremely imperfect. The business was vague enough, of course, 
when the two kinds of conductibility were confounded ; but Fourier 
has taught us how to estimate permeability directly, and, of course; 
penetrability indirectly, by subtracting the permeability from the 
total of conductibility. But the application of his methods is as 
yet hardly initiated. 3 ih 
One consideration, that of specific heat, remains to be noticed, as 
Specific heat, COncurring to regulate the results of thermological 
T ` action. Whether under conditions of equal weight, or 
of equal volume, the different substances consume distinct quantities 
of heat to raise their temperature equally. This property, of which 
little was known till the latter half of the last century, depends, 
like permeability, only in a less degree, on the physical constitution 
of bodies, while it is independent of the state of iheir surfaces. It 
must considerably affect the equalized temperature common to two 
bodies, which cannot be equally different. from the primitive tem- 
perature of each, if they differ from each other in the point of, their 
specific heat. Physicists have achieved a good deal in the estimate 
of specific heat. The best method is that of experiment with the 
calorimeter, invented by Lavoisier and Laplace, for its measure- 
ment. The quantity of heat consumed by any body at s-Sssi- = 
minate elevation of temperature, is estimated by the quantity uf ice 
melted by the heat it gives out in its passage from, the highest to the 
lowest temperature. The apparatus is so contrived as to isolate the ex- 
periment from all thermological action of the vesselandof the medium; 


and thus the results obtained are as precise as can be desired. 


These are thethree coefficients which serve to fix the final tempera- 
tures which result from the the 


es Q rmological equilibrium of bodies, 
Titl we know more of the laws of their variations, it is natural to 
suppose them essentially tiniform and constant: but it would not 
be rational to conceive of conductibility as identical in all directions 
in all bodies, however their structure may vary in different directions « 
and specific heat probably undergoes changes at extreme tempera- 
tures, and especially in the neighbourhood of those which determine 
a new state of aggregation, as some experiments already seem to 
indicate. However, these modifications are still so uncertain and 
obscure, that physicists cannot be blamed for not keeping them, at 
this day, perpetually in view, ¥ ig 
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SECTION II. 
CONSTITUENT CHANGES BY HEAT. 


The secord part of thermology is that which relates to the altera- 
tions caused by heat in the physical constitution of : 
bodies. "These alterations are of two kinds; changes pru 
of volume, and the production of a new state of aggre- changes by 
gation ; and this is the part of thermolozy of which Tea- 
we are least ignorant. . 

o» These phenomena are independent of those of warming and cool- 
ing, though they are found together. When we heat any substance, 
the elevation of temperature 23 determined solely by the portion of 
heat. consumed, the rest of whith (often the greater part), insensible 
to the thermometer, is absorbed to modify the physical constitution. 
This is what we mean when we say that a portion of |, 

i 5 : atent heat. 
heat has become latent; a term which we may retain, 
though if was originally used in connection with a theory about the 
nature of heat. ‘This is the fundamental law discovered by Black, 
by observation of the indisputable cases in which a physical modi- 
fication talles place without any change of temperature in the modi- 
fied body. When the two effects coexist, it is much more difficult 
to analyse and apportion them. 
> © Considering first the laws of change of volume, it is a general 
truth that every homogeneous body dilates with heat Change of 
and vóntracts with, cold; and the fact holds good with volume. 
heterogeneous bodies such as organized tissues especially, in regard 
to their constituent parts. There ave very few exceptions to this 
e=yale-end_ those few extend over a very small portion of the ther- 
momatricalScale., The principal anomaly however being the case 
of water, it has great importance in natural history, though not 
much in abstract physics, except from the use that philosophers have 
' made of it to procure an invariable unity of density, always at com- 
mand, ‘These anomalies, too rare and restricted to invalidate any 
general law, are sufficient to discredit all à priori explanations of 
expansions and contractions, according to which every increase of 
temperature should cause an expansion, and every diminutione à, 
contraction, contrary to the facts. ° 
Solids dilate less than liquids, undes the same elevation of tempera- 
ture, and liquids than gases ; and not only when the same substance 
passes through the three states, but also when different substances 
are employed. The expansion of solids proceeds, as far as we know, 
with ‘perfect uniformity. We know more of the case of liquids, * 
.. which is rendered extremely important from its connection with the 
true theory of the thernjometer, without which all thermological 
inquiries would be left in a very dubious state. Experiments, 
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devised hy Dulong and Petit, have shown that for above three hun- 
dred centigrade degrees the expansion of the mercury follows an 
exactly uniform course,—equal increase of volume being produced 
by heat able to melt equal “weights of ice at Zero. This is the only 
case fully established ; but we have reason to believe that the rule 
extends to that of all liquids. The most marked case of such regu- 
larity is that of gases. Not only does the expansion take place by 
equal gradations, as usually in liquids and solids, but it affects all 
gases alike. Gases differ from cach other, like liquids and solids, 
in their density, their specific heat, and their permeability ; yet they 
all dilate uniformly and equally, their volume Increasing three- 
eighths, from the temperature of melting ice to that of boiling. 
water, Vapours are like gases in this particular, as ìn s0 many 
others. These are the simple genéral laws of the expansion of elastic 


fluids, discovered at once by Gay-Lissae. at Paris, and Dalten ‘at 
Manchester, 


Change in state Next, we have to notice the changes produced by 


af aggregation. heat in the State of aggregation of bodies. 3 
Solidity and fluidity used to be regarded as absolute qualities of 
hodies ; whereas, we now know them to be relative, and are even 
certain that all solid bodies might be rendered fluid if we could 
apply heat enough, avoiding chemical alteration. In the converse 
Way, we used to Suppose that gases must preserve their 
through all degrees of cooling and of compression ; whereas Bussy 

and Faraday have shown us that most of them easi] 

when they are seized in their Nascent state; and the 
to believe that by a due combination of cold and pressure, they-may 
Je always liquefied, even in their developed state. Under this view, 
therefore, different substances are distinguished only by the different 
parts of the indefinite thermometrica] scale to w 
States, solid, liquid, and gaseous, correspond, „But this simple 
equality is an all-important characteristic, which is not yet 
thoroughly connected’ with any other fundamental quality of each 
substance, Density is the ‘relation which is the least obscure and 
varinble,—caseg being in general less dense than liquids, and liquids 
than solids. But there üre striking exceptions in the second case, 
and might be in the first, if we k re of gases in regard to 
compression, and in varied circumstances of other kinds, Ag for the 
three states of the Same sttbstance, there is always, except in some 
cases of Scarce anomaly, rarefs and in 
the evaporation of liquids, se roncht 
by the illustrious Black under » Which is, both 
E. Mnt. Importance s Universality, one of the 
gagement and ` $us Hielo Is IH philosoph ^ It is this: 
uen nd fom Mart m ie lt i t die 
í 25 to the g 8, Y substance always 
absorbs a more or less distinguishable quantity of heat, without 
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raising its temperature; while the inverse process occasions a 
disengagement of heat precisely correspondent to the absorption. 
These disengagements and absorptions of heat are evidently, after 
chemical phenomena, the principal gouyees of heat and cold In - 
an experiment of Leslie's, an evaporation, rendered extremely vapid 
by artificial means, has produced the lowest temperatures known. 
Eminent natural philosophers have even believed that the heat which. 
is so abundantly disengaged in most great “chemical combinations 
could proceed only from the different changes of state which com- 
monly result from them. But this opinion, though true in regard 
to a great number of cases, has too many exceptions to deal with to 
pecome a genera? principle. 

We have now done with physical thermology. But the laws of 
the formation and tension of vapdurs now form an 
Appeydix to it; and also of course hygrometry. The 
theory is, in fact, the necessary complement of the doctrine of 
changes of state; and this is its proper place. 

Before Saussure's time, evaporation was regarded as a chemical 
fact, occasioned by the dissolving action of air upon liquids. He 
showed that the action of the air was adverse to evaporation, except 
in the case of the renovation of the atmosphere. ‘The test was 
found in tlie formation of vapour in a restricted space. Saussure 
found that, in such a case, with a given time, temperature, and 
space, the quantity and elasticity of the vapour were always the 
same, whether the space was a vacuum or filled with gas. The 
mass and tension of the vapour increased steadily with the tem- 
peråiite; whereas it appears that no degree of cold suffices to stop 
the process entirely, since ice itself produces a vapour appreciable , 
by very delicate meatis of observation. We do not know by what 
asthe increase of temperature accelerates the evaporation, at least 
while the liquid remains below boiling point ; but the variations 
in elasticity of the vapour produced have been successfully studied. 

One term comnion to all liquids is the boiting point. At that 


Vapours, 


“point, the rising tension of the vapour formed has become equal to 


the atmospheric pressure; a fact which can be ascertained by direct 
experiment. Proceeding from this point, Dr Dalton — gemperatures 
discovered the important law that the vapours of of ebullition. 
different liquids have tensions always equal between themselves to _ 
temperatures equidistant from the corresponding boiling points, 
whatever may be otherwise the direction of the difference. ‘Thus, 
the boiling of water taking place at one hundred degrees, and that 
of alcohol at eighty degrees, the two vapours, having at that point: 
the same tension, equal to the atmospheric pressure, will then have 
equal elasticities, superior or inferior to the preceding, when their 
two temperatures are made to vary in the same number of degrees. 
The many new liquids diszóvered by chemists since this law was 
found have all tended to e¢nfirm it. It is very desirable that some 
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harmony should be discovered between the boiling temperatures oF 
different liquids and their other properties ; but this remains to be 
done, and these temperatures appear to us entirely incoherent, 
‘though there is every reason to believe that they are nof so. E 
Tt is evident that this law of Dalton's simplifies prodigiously the 
inquiry into the variation of the tension of vapours, üáceording to 
their temperatures; since the analysis of these variations in one 
instance will serve for all the rest. The experiments undertaken l 
for this purpose by Dr Dalton and his successors have not fully 
established the rule of proportion between the tension and the tem- 
perature : but an empirical law proposed by Dulong has thus far 
answered to the observed phenomena. All d priori determinations. 
of the law have utterly failed. i - é 
The study of hygrometrical equilibrium between moist bodies 
Hygrometrical seems a natural adjunét to the theory of evaporation. 
equilibrium. ^ Suussure and Deluc have given us a valuable instru- 
ment for this inquiry ; but we know scarcely anything of the laws 
which regulate ihe equilibrium of moisture, Prevision, which is 
the exact measure of science of every kind, is almost non-existent —, 
in the case of hygrometry. The small part that if plays in the ^ 
inorganic departments of nature is, no doubt, the reason of the little 
attention that physicists have devoted to it: but we shall hereafter 
find how important is its share in vital phenomena. According to 
M. de Blainville, hygrometrical action constitutes the first degree. 
and elementary mode of the nutrition of living bodies, as capillarity 
is the germ of the most simple organic motions. In this view, the 
neglect is much to be regretted. It is one instance imong:evznulti- 
tude of the mischiefs arising from the restricted training of natural 
philosophers. In this case, two important studies, which can be 
accomplished only by physical inquirers, are neglected, mars) p> 


because their chief destination concerne another départmont of 
science, 


After this survey, we can form some idea of the characteristics of 
this fine section of Physics. We see the rational connection of the 


different questions comprised in it; the degree of perfection which 
each of them has attained; and the gaps which remain to be filled 
up. A vast advance was made when, by the genius of Fourier, the 
, most simple and fundamental phenomena of heat were attached to 
an admirable mathematical theory. 


SECTION IIL. 
CONNECTION WITH ANALYSIS, 
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is altered by heat. It-is only by an indirect investigation that we 
canjlearn how heat, once introduced into a body from — giermotogy 
the surface, extends through its mass,assigning to each connected with 
point, at any fixed moment, a determinate tem- Anta MN 
perature; or the converse—how this interior heat-is dissipated, by 
a gradual dispersion through the surface. As direct observation 
could not help us here, we must remain in ignorance, if Fourier had 
not brought mathematical analysis to tke aid of observation, so 
as to discover the laws by which these processes take place. The 
perfection with which this has been done opens so wide a field 
of exploration and application, unites so strictly the abstract and 
the concrete, aad is so pure an example of the positive aim and 
* method, that future generations will probably assign to this achieve- 
ment of Fourier's the next place,zas a mathematical creation, to the 
theory of gravitation. Many-contemporaries have hastened into the 
neW field thus opened; but most of them have used it only for 
analytical*éxercises which add nothing to our permanent knowledge ; 
and perhaps the labours of M. Duhamel are hitherto the only ones 
which afford really any extension of Fourier's theory, by perfecting 
the analytical representation of thermological phenomena. 
According to the plan of this work, we ought not to quit the 
limits of natural philosophy to notice any concrete considerations 
of natural history,—the secondary sciences being only derivatives 
from the primary. It is departing from our rule, therefore, to bring 
forward the important theory of terrestrial temperatures: yet this 
most important and difficult application of mathematical thermology 
forms so interesting a part of Fouriers doctrine, that I cannot 
refrain from offering some notice of it. 


ame. ‘i SECTION IV. 


e 


TERRESTRIAL TEMPERATURES. 


The temperature of each point of our globe is owing (putting aside 
local or accidental influences) to the action of three  7errestriat 
general and permanent causes variously combined : temperatures. 
first, the solar heat, affecting different parts unequally, and sub- 
jected to periodical variations : next, the interior heat proper to the 
earth since its formation as a planet: ang thirdly, the general ther 
mometrical state of the space occupied by the solar system. The 
second is the only one of the three which acts upon all the points of 
the globe. The influence of the two others is confined to the su- 
face. ‘The order in which they have become known to us 1s that 
in which I have placed them. Before Fourier’s time, the whole 
subject had been so vaguely and carelessly regarded, that all the 
phenomena were ascribed to solar heat alone. It is true, the notion 
of a central heat was veiy ancient; but this hypothesis, believed in 
and rejected without sufficient reason, had no scientific consistency, 

VOL. T, ' o 


e 


210 POSITIVE PHILOSQPHY. 


—the question having never been raised of the effect of this orien 
heat on the thermological variations at the surface, The theory o 
Fourier afforded him mathematical evidence that at the surface the 
temperatures would be widely different from what they are, both in 
‘decree and mutual proportion, if the globe were not pervaded by a 
F heat of its own, independent of the action of the sun; 
a heat which tends to dispersion from the surface, by 
radiation towards the, planets, though the atmosphere’ must con- 
siderably retard this "dispersion. ‘This original heat contributes 
very little, in a direct way, tò the temperatures at the surface; but 
without it, the solar influence would be almost wholly lost; in the 
total mass of the globe; and it, therefore prevents the periodical 
variations of temperature from following other laws than those which 
result from the solar influence. Immediately below the surface, the 
central heat becomes preponderant, anfl soonest in the parts nearest 
the equator ; and it becomes the sole regulator of temperaturessand 
in a vigorously uniform manner, in proportion to the depuh.—As to 
ia œ the third cause, Fourier was the first to conceive of 
emperature | a x ` Š er 
of the planet- it. He was wont to give, in a simple and striking 
ary intervals. form, the results of his inquiries in the saying that if 
the earth left a thermometer behind it in any part of its orbit, the 
instrument (supposing it protected from solar influence) conld not 
fall indefinitely: the column would stop at some point or other, 
which would indicate the temperature of the space in which we 
revolye, This is one way of saying that the state of the tempera- 
tures on the surface of the globe would be inexplicable, even con- 
sidering the interior heat, if the surrounding space had nof, a 
determinate temperature differing but little frora that whiéh' we 
should find at the poles, if we could precisely estimate it, Tt is 
remarkable that, of ihe two new thermological causes discovered by. 
Fourier, one may be directly observed at the equator and the guier 
ati the poles ; whilst, for all the intermediare pointy, our observation 
must be guided and interpreted by mathematical enalysis. 
ew as this difficult inquiry is, our progress in it depends only 
on the perfecting of the observations which Fourier's theory has 
marked out for us, When the data of the problem thus become 
better known, this theory will enable us to lay: hold of some certain 
evidences of the ancient thermological state of our globe, as well as 
xf its future modifications, We have already learned one fact of 
high importance; that tiie periodical state of the earth’s surface 
has become essentially fixed, and cannot undergo any but 
ceptible changes by the continuous cooling 
through future ages. This rapid sketch w 
a sudden scientific consistency has been giv 
man of genins, to this fundamental portion of natural history, which, 
hefore Fourier's time, was made up of vasye and arbitrary opinions, 
mingled with incomplete and incoherent (bservations, out of which 
no exact general view could possibly arise, : 


Interior heat. 


) inper- 
g of the interior mass 
ill suffice to show what 
en, by the labours of one 


CHAPTER Iv. 


» ACOUSTICS. 


. 
** Tars science had to pass, like all the rest, through the theological 
and metaphysical stages ; but it assumed its positive 
character about the same time with Barology, and as 
completely, though our knowledge of it is, as yet, very scanty, in 
comparisoz* with what we have learned of gravity. The exact 
information which was obtained in the middle of the seventeenth 
century about the elementary mechanical properties of the atmos- 
phere, opened upa clear conception of the production and transmission 
of sonorous vibrations. The analysis of the phenomena of sound 
shows us that the doctrine of vibrations offers the exact expression 
of an incontestable reality. Besides its philosophical interest, and 
the direct importance of the phenomena of Acoustics, this depart- 
ment of Physics appeals to special attention in two principal 
* * yelations, arising from its use in perfecting our fundamental ideas 
regarding inorganic bodies, and Man himself. : 

By studying sonorous vibrations, we obtain some insight into the 

interior mechanical, constitution of natural bodies, Town 
. 5 + elation to « 
manifested by the, modifications undergone by the the study of 
“Vidretcry motions of their molecules. Acoustics ‘organic 

affords the best if nov the only means for this "^ 
inquiry; and the-small present amount of our acquisitions seems to 
me no reason why we should not obtain abundant results when the 
study of acoustics is more advanced. It has already revealed to us 
some delicate properties of natural bodies which could not have 
been perceived in any other way. For instance, the capacity to 
contract habits,—a faculty which seemed to belong exclusively, to 
living beings (I mear the power of contracting fixed dispositions,” 
according to a prolonged series of uniform impressions),—is clearly 
shown to exist, in a greater or smaller degree, in inorganic apparatus. 
By vibratory motions, also, two mechanical structures, placed 
apart, act remarkably ‘upon each other, as in the case of two clocks 
placed upon the same pedestal. 

On the other hand, acoustics forms a basis to physiology for the 
analysis of the two elementary functions which are Relationto ^ 
most important to the establishment of social relations, Physiology. 
—hearing and the utterance of sound. Putting aside, in this place, 


Its nature. 
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all the nervous phenomena of the case, it is clear that the inquiry 
rests on a. knowledge of the general laws of acoustics, which regulate. 
the mode of vibration of all auditory apparatus. It is remarkably 
‘so with regard to the production of the voice,—a phenomenon of 
the same character with that of the action of any other sonorous 
instrument, except for its extreme complication, through the 
organic variations which affect the vocal system. Yet, it is not to 
physicists that the study of these two great phenomena belongs. 
The anatomists and physiologists ought not to surrender it to them, 
but to derive from physics all the ideas necessary for conducting the 
research themselves: for physicists are not prepared with the 


anatomical data of the problem, nor yet to supply a sound physiolo- ^ 


gical interpretation of the results obtained. Science. has indeed 
suffered from the prejudices which haye grown out of the introduc- 
tion into physics of superficial theories of hearing and phonation, 
from physical inquirers having intruded upon the province of the 
physiologists. i r^" 

After Darology, there is no science which admits of the application 
Relation to Of mathematical doctrines and methods so well as 

Mathematics Acoustics. In the most general view, the phenomena 
of sound evidently belong to the theory of very minute oscillations 
of any system of molecules round a situation of stable equilibrium ; 
for, in order to the sound being produced, there must be an abrupt 
perturbation in the molecular equilibrium ; and this transient 
derangement must be followed by a quick return to the primitive 
state, Once produced, in the body directly shaken, the vibrations 
may be transmitted at considerable intervals, by means of au elastic 
medium, by exciting a gradual succession of expansions and con- 
tractions which are in evident analogy with the waves formed on. 
the surface of a liquid, and have given occasion to the term sonorous 
undulations. In the air, in particular, so elastic as it is, the 
vibration must propagate itself, not only in the direction of the 
primitive concussion, but in all directions, in the same degree. The 
transmitted vibrations, we must Observe, are always necessarily 
isochronal with the primitive vibrations, though their amplitude 
may be widely different, 

1t is clear from the outset th 
almost from its origin, subject 


E 


at the science of acoustics becomes, 
1 to the laws of rational Mechanics. 
Since the time of Newton, who was the first to attempt to determine 
the rate of propagation of sound in the air, acoustics has. always 
been more or less mixed up with the labour of geometers to develop 
abstract Mechanics. It was from simple considerations of acoustics 
that Daniel Bernouilli derived the general principle relating to the 
necessary and separate coexistence, or independency, of small and 
various oscillations occasioned at the same time in any system, by 
‘distinct concussions. The phenomena fof sound afford the best 
realization of that law, without which it would be impossible to 


e 
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explain the commonest phenomenon of acoustics; —the simultaneous 
existence of numerous and distinct sounds, such as we are every 
moment hearing. i 
"Though the connection of acoustics with rational Mechanics is 
almost as direct and complete as that of Barology, this mathematical 
character is far less manageable in the one case than the other. 
The most important questions in harology are immediately connected 
with the clearest and most primitive mechanical theories; whereas 
the mathematical study of sonorous vibrations depends on that 
difficult and delicate dynamical theory,—the theory of the pertur- 
bations of equilibrium, and the differential equations which it 
furnishes relative to the highest and niost imperfect part of the 
integral calculus. Vibratory motion of one dimension is the only 
one, even in regard to solids, svhose mathematical theory is complete. 
OPsuch motion of three dimensions we are, as yet, wholly ignorant. 
To for&t any idea of the difficulties of the case, we must remember 
that vibratory motions must occasion certain physical modifications 
of another nature in the molecular constitution of bodies ; and that 
these changes, though affecting the vibratory result, are too minute 
and transient to be appreciable. "Phe only attempt that has been 
made toanalyse such a complication is in the case of the thermo- 
logical effects which result from the vibratory motion. Laplace 
used this case to explain the difference between the velocity of 
., sound in the air as determined by experiment and that prescribed 
*by the dynamic formula, which indicated a variation of about one- 
sixth, This difference is accounted for by the heat disengaged by 
the compression?of the atmospheric strata, which must make their 
elasticity vary in a» greater proportion than their density, thereby 
. accelerating the propagation of the vibratory motion. lt is true, a 
A2 z . CGU) H . ] 
great gap is left here; since, as it is impossible to measure this disen- 
gagement of hedt, we mist assign to 1t conjecturally the value which 
compensates forsthe difference of the two velocities. But we learn 
from this procedure of Laplace the necessity of combining thermo- 
logical considerations with the dynamical theory of vibratory 
motions. The modification is less marked in the case of liquids; 
and still less in that of solids; but we are too far behind with our 
comparative experiments to be able to judge whether the modification 
is or is not too inconsiderable for notice, a) 
Notwithstanding the eminent difficulties of the mathematical 
theory of sonorous vibrations, we owe to it such progress as has, yet 
been made in acoustics. ‘Che formation of the differential equations 
proper to tle phenomena is, independent of their integration, & very 
important acquisition, on account of the approximations which 
mathematical analysis allows between questions, otherwise hetero- 
geneous, which lead to similar equations. ‘This fundamental 
property, whose value swe have so often to recognize, applies 
remarkably in the preseht case; and especially since the creation of 


214 POSITIVE PHILOSOPHY. 


mathematical thermology, whose principal equalions are strongly 
analogous to those of vibratory motion,—This means of investigation 
is all the more valuable on account of the difficulties in the way of 
direct inquiry into the phenomena of sound. We may decide upon 
the necessity of the atmospheric medium for the transmission of 
sonorous vibrations; and we may conceive of the possibility of deter- 
mining by experiment the duration of the propagation, in the air, 
and then through other media; but the genéral laws of the vibra- 
tions of sonorous bodies escape immediate observation. We should 
know almost nothing of the whole case if the mathematical theory. 
did not come in to connect the different phenomena of sound, 
enabling us to substitute for direct observation an equivalent is 
examination of more favourable cases subjected to the same law. 
For instance, when the analysis of the problem of vibrating chords 
has shown us that, other things being equal, the number of oscitta- 
lions is in inverse proportion to the length of the chozi, we see 
that the most rapid vibrations of a very short, chord may be counted, 
Since the law enables us to direct our attention to very slow vibra- 
tions. 'Phe same substitution is at our command in many cases in. 
which it is less direct. Still, it is to be regretted that the process 
of experimentation has not been further improved. 


Acoustics consists of three parts, We might perhaps say four, 
I9) including the timbre (ring or tone) arising from the 
nvisumns, H n H 
particular mode of vibration of each resonant body.. 
This quality is so real that we constantly speak of it, both in daily 
life and in natural history: but it would be wanCering out’ ot the 
department of general physics to inquire what constitutes the ring 
or tone peculiar to different bodies, such as stones, wood, metals, 
organized tissues, ete, whose properties lie within the Scope of cod 
crete physics. But, if we regard this quality as capable of módifi- 
cation by changes of circumstances, then we bring it into the domain 
of acoustics, and recognize its proper position, though we know 


d else about it. That part of the science presents a. mere 
void. 


The three parts referred to are, first, the mode of propagation of 
sounds; next, their degree of intensity ; and thirdly, their musical 


tone, Of these departments, the second is that of which our know- 
ledge is most imperfect, — ^ 


SECTION I. 
PROPAGATION OF SOUND. 


As to the first, the propagation of sound, 
Propagation interesting, and best known ques 
. S ound, ment of the duration, especi; 
ìs the medium. Newton enunciated it ve 


the simplest, most 
fion.is the measure- 
ally when the atmosphere 
Ty simply, apart from all 
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modifying causes :—that the velocity of sound is that acquired by 
a gravitating body falling from a height equal to half the weight 
of the atmosphere,—supposing the atmosphere homogeneous. In 
an analogous way, we may calculate the velocity of sound in the 
different gases, according to their respective densities and elastici- 
ties. By this law the speed of sound in the air must be regarded 
as independent of atmospheric wicissitudes, since, by Mariotté's 
» rules, the density and elasticity of the air always vary in proportion; 
and their mutual relation alone influences the velocity in question. 
Of Laplace's rectification of Newton's formula, we took notice just 
now.—One important result of this law is the necessary identity 
= of the velocity of different sounds, notwithstanding their varying 
degrees of intensity or of acutenass. If any inequality existed, we 
should be able to establish it,from the irregularity which must take 
plte in musical intervals at a certain distance. 

All matitematical calculations about the velocity of sound suppose 
the atmosphere to be motionless, except in regard to Efect of ates 
the vibrations under notice, and it is one of theinter- — mospheric 
esting points of the case to ascertain what effect is 7! ation. 
produced by agitations of the air. The result of experiments for 
this purpose is that, within the limits of the common winds, there 
is no perceptible effect on the velocity of sound when the direction 
of the atmospheric current is perpendicular to that in which the 

, Sound is propagated; and that when the two directions coincide, 
the velocity is slightly accelerated if the directions agree, and retarded 
if they are opposed : but the amount and, of course, the law of this 
slight perturbation are unknown.—It is only in regard to the air 
that the velocity ofssound has been effectually studied. 


SED ips 


D e » SECTION II. 
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INTENSITY OF SOUNDS. » 


We cannot pretend to be any wiser about the intensity of sounds, 
—which is the second part of acoustics, Not only Zntensity of 
have the phenomena never been analysed or estimated, sounds. 
but the labours of the student have added nothing essential to the 
results of popular experience about the iens which regulate the 
intensity of sound; such as the extent of vibrating surfaces, the dis- 
tance*of the resonant body, and so on. These subjects have therefore 
no right to figure in our programmes of physical science ; and to ex- 
patiate upon them is to misconceive the character of science, which 
can never be anything else than a special carrying out of universal 
reason and experience, and which therefore has for its starting-point 
the aggregate of the ideas spontaneously: acquired by the generality 
of men in regard to the subjects in question. If we did but attend 
to this truth, we should simplify our scientific expositions not a 
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i sipping them of a multitude of superfluous details which 
EAE e E eadail that science is able to make to the funda- 
mental mass of human knowledge. ead o , 
= With regard to the intensity of sound, the only scientific inquiry, 
—a very easy one,—which has been accomplished, relates to the 
effect, of the density of the atmospheric medium on the force of 
sounds. Here acoustics: confirms and explains the common obser- 
vation on the attenuation of sound in proportion to the rarity of the 
air, without informing us whether the weakening of the sound is in 
exact proportion to the rarefaction of the medium, as it is ‘natural 
to suppose. In my opinion, we know nothing yet of « matter usually ; 
understood to be settled, —the mode of decrease of sound, in propor- ` 
tion to the distance of the soundiag body ; as to which science has 
added nothing to ordinary experience. It is commonly supposed 
that the decrease is in an inverse ratio to the square of the distaifice. 
This would be a very important law if we could establisi-it: but it 
is at present only a conjecture; and I prefer admitting our ignorance 
to attempting to conceal a scientific void, by arbitrarily extending 
to this case the mathematical formula which. belongs to gravitation. 
A natural prejudice may dispose us to find it again here ; but we 
have no proof of its presence. " 

It would be strange if we had any notion of the law of the case, 
wher we have not yet any fixed ideas as to the way in which inten- 
sity of sound may be estimated ; nor even as to the exact meaning 

.of the term. We have no instrument which can fulfil, with regard ' * 
to the theory of sound, the same office as the pendulum and ihe 
barometer with regard to gravity, or the thermometer and" eicctro- 
meter with regard to heat and electricity. We.do not even discern 
any clear principle by which to conceive of a sonometer. While the 
science is in this state, it is much too soon to hazard any numericàl - 
Jaw of the variations in intensity of sound.“ ° ? 


SECTION III. 
THEORY OF TONES. 


The third department of acoustics,—the theory of tones,—is b 


Theory of — Tar the most interesting and satisfactory to us in its 
Tones. existing state. . 


The laws which determine the musical nature of 
that is, their precise degree of acuteness or gravity, marked by the 
number of vibrations executed in a given time, are accurately known 
only in the elementary case of a series of linear, even rectilinear, 
vibrations produced either in a metallic rod, fixed at one end and 
free at the other, or in a column of air'filling 
drical pipe. It is by a combination of ef 
matical theory that this case is understood. 


different sounds, 


a very narrow oylinz 
periment and of mathe- 
It is the most impor- 
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tant for the analysis of the commonest inorganic instruments, but 
not for the study of the mechanism of hearing and utterance. With 
regard to stretched chords, the established mathematical theory is 
that the number of vibrations in a given time is insthe direct ratio” 
of the squaye root of the tension of the chord, and in the inverse 
ratio of the product of its length by its thickness. In straight and 
homogeneous metallic rods this number is in proportion to the rela- 
tion of their thickness to the square of their length. This essential 
difference between the laws of these two kinds of vibrations is owing 
to the flexibility of the one sounding body and the rigidity of the 
other. Observation pointed it out first, and especially with regard 
Sto the effect of thickness. ‘I'hese laws relate to ordinary vibrations, 
which take place transversely; but there are vibrations in a longi- 
tudinal direction much more acute, which are not affected by. thick- 
nes® and in which the difference between strings and rods disappears, 
the vibratidfis varying reciprocally to the length ; a result which 
might be anticipated from the inextensibility of the string being 
equivalent to the rigidity of the rod. A third order of vibrations 
arises from the twisting of metallic rods, when the direction becomes 
more or less oblique. It ought to be observed, however, that recent 
experiments have shown that these three kinds are not radically 
distinct, as they can be mutually transformed by varying the direc- 
tion in which the sounds are propagated. As for the sounds yielded 
bye slender column of air, the number of vibrations is in inverse 
“proportion to the length of each column, if the mechanical state of 
the air is undisturbed: otherwise, it varies as the square root of the 
relation between the elasticity of the air and its density. Hence it 
is that changes of temperature which alter this relation in the same 
„direction have here, an action absolutely inverse to that which they 
"produce on strings or rods: and thus it is explained by acoustics 
why 1t is impossible, as niusicians have always found it, to maintain 
through a changing temperature the harmony at first established’ 
between stringed and wind instruments. 

Thus far the resonant line has been supposed to vibrate through 
its whole length. But if, as usually happens, the slightest obstacle 
to the vibrations occurs at any point, the sound undergoes a radical 
modification, the law of which could not have been mathematically 
discovered, but has been clearly apprehended by the great acoustic" 
experimentalist, Sauveur. He has established that the sound pro- . 
duced «coincides with that which would be yielded by a similar but 
shorter chord, equal in length to that of the greatest common 
measure between the two parts of the whole string. The same dis- 
covery explains another fundamental law, which we owe to the same 
philosopher, —that of the series of harmonic sounds which always 
accompanies the principalasopnd of every resonant string, their 
acuteness increasing with;the natural series of whole numbers ; the 
truth of which is easily tested by a delicate ear or by experiment, ; 


218 POSITIVE PHILOSOPH Y. 


The phenomenon is, if not explained, exactly represented by refer- 
ring it to the preceding case; though we cannot conceive how the 
spontaneous division of the string takes place, nor how so many 
“vibratory motiens, so nearly simultaneous, agree as they do. 
‘These are the laws of simple sounds. Of the important theory of 
Composition the composition of sounds we have yet very imperfect 


of sounds, notions. - It is supposed to be indicated by the experi- ` 


ment of the musician Tartini, with regard to resulting sounds. He 
showed that the precisely simultaneous production of any two sounds, 
sufficiently marked and intense, occasions a single sound, graver 


than the other two, according to an invariable «nd simple rule. ^ 


Interesting as this fact is, it relates to physiology, and not to acoustics, 
It is a phenomenon of the nerves; a sort of normal hallucination of 
the sense of hearing, analogous to optical illusions. 
The vibrations of resonant surfaces have exhibited some curious 
phenomena to observation, though the mathematical inebry of the 
case is still in its infancy: and M. Savart’s observations on the 
vibratory motions of stretched membranes must cast mucli light on 


the auditory mechanism, in regard to the effects of degrees of tension, 
the hygrometrical state, etc. 


The study of the most general and most complicated: case, that 


of a mass which vibrates in three dimensions, is scarcely begun, 
except with some hollow and regular solids. Yet this analysis is 
above all important, as without it, it is clear] 

plete the explanation of any real instrument ; even of those in which 
the principal sound is produced by simple lines, the vibrations of 
which must always be more or less modified by“the, masses which 
are connected with them. We may say that the state of acoustics 
is such that we cannot explain the fundamental properties of any. . 
musical instrument whatever. Daniel Bernouilli warked at the 
theory of wind instruments; a subject ‘which may appear very 
simple, but which really requires the highest perfection of tlie 
science, even putting aside those extraordinary effects, far transcend- 

. Ing scientific analysis, which the art of a. musician may obtain from 
any Instrument whatever, and restricting ourselves to influences 
which may be clearly defined and durably characterized. 

Imperfect as is our review of Acoustics, I hope we now understand 

“something of its general character, the importance of its laws, as far 
as we know them, the connection of its parts, the development that 


they have obtained, and the intervals which are left void, to be-filled 
up by future knowledge, 


y impossible to com-, - 
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CHAPTER V.’ 


d OPTICS, 


ə 
“Mar emancipation of natural philosophy from theological and meta- 
physical influence has thus far gone on by means of a succession of 
partial efforts, each isolated in intention, though all converging to 
a firal end, amidst the entire unconsciousness of those —z7ypothesis on 
who wereebeinging that result to pass. Such an the nature 
incoherence is a valuable evidence of the force of that 9 io^ 
inslinct, which universally characterizes modern intelligence; but it 
is an evil, in as far as it has retarded and embarrassed and even 
introduced hesitation into the course of our liberation. No one 
having hitherto conceived of the positive philosophy as a whole, and 
the conditions of positivity not having been analysed, much less pre- 
scribed, with the modifications appropriate to different orders of 
researches, it has followed that the founders of natural philosophy 
"have remained under theological and metaphysical influences in 
all departments but the one in which they were working, even while 
their own labours were preparing the overthrow of those influences. 
Tt is certain that no thinker has approached Descartes in the clear- 
ness and completeness with which he apprehended the true character 
of modern philosophy ; no one exercised so intentionally an. action 
so direct, extensive, and effectual on this transformation, though the 
action might be transitory ; and no one was so independent of the 
spirit of his contemporaries; yet Descartes, wlio overthrew the whole 
ancient philosophy about inorganic phenomena, and the physical 
phenomena of the organic, was led away by the tendency of his age 
in a contrary direction, when he strove to put new life into the old 
theological and metaphysical conceptions of the moral nature of 
man.. If it was so with Descartes, who is one of the chief types of. 
the progress of the general developmen? of humanity, we cannot 
be surprised that men of a more special genius, who have been 
occupied rather with the development of science than of the human 
mind, should have followed a metaphysical direction in some matters, 
while, in others not very remote they have manifested the true posi- 
tive spirit. ) " 
‘hese observations are particularly applicable to the philosophical 
history of Optics,—the department of Physics in which an imperfect 


positivism maintains the gtrongest consistence,—chiefly through the 
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mathematical labours which are connected with it. The founders 
of this science are those who have done most towards laying the 
foundations of the Positive Philosophy,—Descartes, Huyghens, and 

* Newton ; yet each one of them was led away by the old spirit of the 
absolute to create a chimerical hypothesis on the nature of light. 
That Newton should have done this is the most remarkable, con- 
sidering how his doctrine of gravitation had raised the conception of 
modern philosophy above the point at which Descartes had left it, 
by establishing the radical inanity of all research into the nature 
and mode of production of phenomena, and. by showing that the 
great end of scientific effort is the reduction of a system of particular 
facts to one singular and general fact. Newton himself, whose 
favourite saying was, *O! Physics, beware of Metaphysics ! 
allowed himself to be seduced Í 
personify light as a substance distinct from and independent ofthe 
luminous body: a conception as metaphysical as it woud, have been 
to imagine gravity to have an existence separate from that of the 
gravitating body. 

After what has been said about the philosophical theory of hypo- 
thesis, there can be no occasion to expose the fictitious character of 
the respective doctrines of philosophers on the nature of light. Hach 
one has exposed the untenableness of those of others; and each 
explorer has confined himself to the evidence which favoured his 
own conception. Euler brought fatal objections against the doctrine 


of emission; yet, at the present day, our instructors conceal the fact: 


that the advocates of the emission doctrine have offered equally fatal 
objections to that of. undulations, To take the most simple instance 
— Has the fact of propagation in all directions, characteristic of the 
vibratory motion, ever been reconciled with the common phenomenon 
of night; that is, of darkness produced by the interposition of an 
opaque body? Does not the fundamental objection of the Newto- 
nians about this matter hold its ground against the system of Des- 
cartes and Huygheris, untouched at this hour as it was above a 
century ago, after all the subterfuges that have been in use ever 
since? The case is made clearer by the fact that there are pheno- 
mena which the two theories will suit equally well. If the laws of 
reflection and refraction issue with equal ease from the hypotheses 
. of emission and undulation, it is pretty clear that our business is 
with the laws, and not ‘with the hypotheses. The mathematical 
labours expended on the opposite theories will not have been.thrown 
away; they will show, in a very short time, that the analytical 
apparatus 1$ no certain instrument of truth, as it has served. the 
purpose of both hypotheses equally well; as it would quite as 
easily, of many others, if the progress of positivity was not exclud- 
ing, more and more, this vicious method of jj 
true, the most enlightened advocates of botl 


i 1 e ed | 1 Systems are ready to 
Eve up the reality of emission and of undula 


tion, and hold to them 


by old habits of philosophizing to + 


Lo S - 


philosophizing. Tt is ~ 
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only as a malter of logical convenience, —as a rallying-point of ideas. 
Bui if we can pass from the one hypothesis to the other without 
affecting the science at all, it is clear that such an artifice is need- 
less, We must admit, as we before said, that the combination of 
scientific ideas would be extremely difficult to minds trained under 
the prevalent habits of thought, if they were suddenly deprived of 
such a mode of connection as they here contend for ; but it is nob 
the less true that the next generation of scientific thinkers would 
combine their ideas more easily, and much more perfectly, if they 
were trained to regard directly the relations of phenomena, without 
being troubled hy artifices like these, which only obscure scientific 
"realities, 

The history of Optics, regarded as a whole, seems to show that 

these hypotheses have not sensibly aided the progress of the theory 
of Wghi, since all our important acquisitions have been entirely 
independep*-of them. This is true not only of the laws cf reflection 
and refraction, which were discovered before these hypotheses were 
created, but with regard to all the other leading truths of Optics. 
The hypothesis of emission no more suggested to Newton the notion 
of the unequal refrangibility of the different colours, than that of 
undulation disclosed to Huyghens the law of double refraction proper 
to certain substances. Great discoverers like these observe a con- 
nection of facts, and then create a hypothesis to account for the con- 
nection; and then those who come after them conclude that the 
~*chimerical conceptions must be inseparable from the immortal 
discoveries. There is a use, as I have before asserted, in these 
imaginary conceptions, which, in regard to their one function, are 
indispensable. ‘They serve, transiently, to develop the scientific 
spirit by carrying us over from the metaphysical to the positive 
system. ‘They can do this and nothing more, and they accomplished 
their’task some fime ago. Their action can henceforth be only 
injurious, and especially in the case of Optics, as any one may see 
who will inquire into the state of this science,—particularly since 
the almost universal adoption of the undulatory in the place of the 
emissive system. 1 

One more error must be noticed before we leave the subject of 
the unscientific pursuit of Optics. Some enlightened — p, sis, ten- 
students imagine that the science acquires a satisfac- dency to ays” 
tory rationality by being attached to the fundamental tenane 
laws.of universal mechanics. The'emission doctrine, if it means 

anything, must suppose luminous phenomena to be in analogy with 
those of ordinary motion ; and if the doctrine of undulation means 
anything, it means that the phenomena of light and sound are alike 
in their vibratory agitation ; and thus the one party likens optics 
to barology and the other,io acoustics. But not only is nothing 
gained by the supposition, but if either was the case, there would 
be no room for imagination or for argument. ‘The connection would 


à 
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be at once apparent to all eyes on the simple view of the phenomena, 
Such a reference of phenomena to those general laws has never been 
a matter of question or of conjecture. The only difficulty has been 
‘to know those Jaws well enough to admit of the application. No 
one doubted the mechanical nature of the principal effects of gravity 
and sound long before the progress of rational dynamics admitted 
ef their exact analysis. The application powerfully tended, as we 
have seen, to the perfecting of barology and acoustics; but this 
was precisely because there was nothing forced or hypothetical 
about it. It is otherwise with Optics. Notwithstanding all 
arbitrary suppositions, the phenomena of light will always constitute 
a category sui generis, necessarily irreducible to any other : a light: 
will be for ever heterogeneous to a motion or a sound, 2 
Again, physiological considerations discredit this confusion of 
ideas, by the characteristics which distinguish the sense of sikhi 
from those of hearing, and of touch or pressure. If wevenld abolish 
such distinctions as these by gratuitous hypotheses, there is no saying 
where we should stop in our wanderings. A chemical philosopher 
might make a type of.tlie senses of taste and smell, and proceed to 
explain colours and tones by likening them to flavours and scents. 
It does not require a wilder imagination to do this, than toi issue as 
a supposition, now become classical, that Sounds and colours are 
radically alike. Tt is much better to leave such a pursuit of scientific 
unity, and to admit that the categories of heterogeneous phenomena 
are more numerous than a vicious systematizing tendency would 
suppose. Natural philosophy would no doubt be more perfect if it 
were otherwise; but co-ordination is of no use/unless it rests on 
real and fundamental assimilation.—Physieists must then abstain 
from fancifully connecting the phenomena of light and those of 
motion. All that Optics can admit of mathematical, treatment is 
with relation, not to mechanics, but to geometry, which is eminently 
applicable to it, from the evidently geometrical character of the 
principal laws of light. The only-case in which we can conceive 
of a direct application of analysis is in certain optical researches in 
which observation would immediately furnish some numerical rela- 
lions: and in no case must the positive study of light give place to 
a dynamical analysis, These are the two directions in which geome- 


ters may aid the progress of Optical science, which they have only 
too effectually impeded ‘by prolonging the influence of anti- 
scientific hypothe: 


Ses through inappropriate and ill-conceived 
analyses. 


The genius of Fourier released us from the necessity of applying 
the doctrine of hypotheses, as previously laid down, to the cage of 
thermology : and neither barology nor acoustics required it. Ag to 
electrology, there are abundance of chimerical Conceptions prepon- 
derant in that department: bnt their absurdities are go obvious, 

iat almost all their advocates acknowledge. them, It is in Optics 
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that the plausibility and consistence of such chimeras give them 
the most importance ; and I have therefore chosen that department 
as the ground on which they should be judged. 

We will now pass from these useless hypotheses to the real know- 
ledge that we are iu possession of about the theory of light. "Phe 
whole of Optics is naturally divided into four depart- Divisions 
ments, as light, whether homogeneous or coloured, is — f Optics. 
direct, reflected, refracted, or diffracted. ‘These elementary effects 
usually coexist in ordinary phenomena; but they are distinct, and 
must therefore be separately considered. These four parts compre- 
hend all optical phenomena which are rigorously universal ; but we 

must add, as än indispensable complement, two other sections, 
relating to double refraction and polarization. ‘These orders of 
phenomena are proper to certain Wodies; but, besides that they are 
a remarkable modification of fundamental phenomena, they appear 
in more and more bodies, as the study proceeds, and their condi- 
{ions refer iore to general circumstances of structure than to inci- 
dents of substance. For these reasons they ought to be exactly 
analysed. As for the rest, it is not our business to classify the 
application of these six departments either to natural history, as in 
tle beautiful Newtonian theory of the rainbow, or to — rrretecant 
the arts, us in the analysis of optical instruments, ^ mette. 
These applications serve as the best measure of the degree of perfec- 
tion of the science; but they do not enter into the field of optical 
Philosophy, with which alone we are concerned. 


a 


For the same reasons which have led us to condemn theories of” 


hearitig and utterance, in connection with Physics, we Zheory of 
must now refuse to include among-optical phenomena vision. 

the theory of vision, which certainly belongs to physiology. When 
physicists undertake the study of it, they bring only one of the 
special qualifizations necessary, being otherwise ona level with the 
multitude ; and, however important their-one qualification may be, 
it cannot fulfil all the conditions. It is in consequence of so many 
conditions being unfulfilled, that the explanations hitherto offered 
have been so incomplete, and therefore illusory. There is scarcely 
a single law of vision which can be regarded as established oh a 
sound basis, even where the simplest and commonest phenomena are 


in question. ‘The elementary faculty of seeing distinctly at unequal . 


distances remains without any satisfactory explanation, though 
physicists have attempted to refer it: to almost every part of the 
ocular’ Apparatus in succession. This humbling ignorance is no 
doubt owing to scientific men, both physiologists and physicists, 
having left the theory of sensations in the hands of the meta- 
physicians, who have got nothing out of it but some deceptive 
ideology : but before'this time we should have approached to some- 
thing like positive solutions, but for the bad organization of scientific 
Jabour among us. If, from the time of these questions beginning 
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to assume a positive character, anatomists and physiologists had 
occupied themselves with a theory of vision grounded on the materials 
furnished by Optical science, instead of looking to physicists for 
solutions which they could not- furnish, our condition in regard to 
this important subject would be somewhat less deplorable than it is. 
Another study which must be excluded from Optics, and from 
ail [Specife all natural philosophy, is the theory of the colour of 
Colour of ^ bodies. 1 need not explain that I am not referring 
bodice, to the admirable Newtonian experiments on the 
decomposition of light, which have supplied a fundamental idea, 
common to all the departments of Optics. I refer to the ‘attempts 
made to ascertain, now through the theory of emission, and now 
through that of undulation, the inexplicable primitive phenomenon 
of the elementary colour proper 5o every substance. The so-called 
explanations, about the supposed faculty of reflecting or transmitting 
such and such a kind of rays, or of exciting such and such an order 
of ethereal vibrations, in virtue of certain supposed arratigements of 
the molecules, are more difficult to conceive than the fact itself, and 
are, in truth, as absurd as the explanations that Molière puts into 
the month of his metaphysical doctors. It is lamentable that we 
should have such comments to make in these days. Nobody now 
tries to explain the specific gravity proper to any substance or 
structure: and why should we attempt it with regard to specific 
colour, which is quite as primitive an attribute ?— In physiology, 
the consideration of colours is of high importance, in connection 
with the theory of vision; and in natural history, it may prove a 
useful means of classification : but, in optics, the object of the true 
theory of colours is merely to perfect, the analysis of light, so as to 
estimate the influence of structure or other circumstance upon 
transmitted or reflected colour, without entering into the causes of 
specific colouring. ‘The field of inquiry is vast enough, without any 
such illusory research as this. > t 


SECTION I. 
STUDY OF DIRECT LIGIIT. 


The first department is that of Optics, properly so called, or the 

Optics proper, SWAY of direct light. This and catoptrics are the 

: only part of the science cultivated by the ancients ; 

but this branch 'is as old as the knowledge of the law of the 

rectilinear propagation of light in every homogeneous medium. 

This primary law makes purely geometrical questions of problems 

relating to the theory of shadows j questions difficult to manage in 
many cases, but not in the most i TH 


s : mportunt,—-those of very distant 
luminous bodies, or bodies of ex y 


tremely small dimensions. The 
theory depends, both for the shadow and the PEREA On the 
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determination of an extensible surface, circumscribed at once by 
the luminous and the illuminated body.—W hatever its real antiquity 
may be, this first part of Optics is still very imperfect, regarded from 
„the second point of view ; that is, with regard to the 
laws of the intensity of light, or what is called 
photometry, Important as it is to have a clear knowledge, our 
notions are as yet either vague or precarious as to how the inten- 
sity of light is modified by such circunistances as its direction, 
whether emergent or incident; its distance; its absorption by the 
medium ; and, finally, its colour. 
We are met by a grand difficulty at the outset. We have no 
photometrical instruments that can be depended on ,,,, 
for enabling us to verify our conjectures on the 9 
different modes of gradation of light. All our photometers rest on 
a sort of vicious circle, being-devised in accordance with the laws 
which they are destined to verify, and generally according to the 
most doifotiul of all, in virtue of its metaphysical’ origin,—that 
which relates to distance. We have called light an emanation ; 
have calculated its intensity by the square of its distance; and then, 
without confirming this conjecture by any experiment whatever, 
we have proceeded to found the whole of photometry upon it, And 
when this conjecture was replaced by that of undulations, we accepted 
the same photometry, neglecting the consideration that it must 
require revision from its very basis, It is clear what our present 
photometry must be, after such treatment as this. The law relating 
“tò direction, in the ratiq of the sine of the angle of emergence or of 
incidence, is no better demonstrated than that of distance, though 
it comes from a less suspicious source. It has nothing about it at 
present like Fouriez's labours on radiating heat; and yet it seems 
as if it would admit of an analogous mathematical elaboration. 
The only part of photometry which has, as yet, any scientific 
consistency is thé mathematical theory of gradual absorption of 
light by any medium. Bouguer and Lambert have given us some 
interesting knowledge about this : but even here we are on unstable 
ground, for want of precise and unquestionable experiments. 
Again, the photometrical influence of colour has been the subject of 
some exact observations; but we are not yet in possession of general 
and precise conclusions, unless it be the fixing of the maximum»of . 
brightness in the middle of the solar spectrum. Thus, to sum up, 
in this first, oldest, and simplest department of optics, philosophers 
have scarcely outstripped popular observation,—leaving out what 
helongs to geometry, and the measurement of the velocity of the 
propagation of light, which is furnished by astronomy. 
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SECTION II. 


^ CATOPTRICS. 
o 


It is otherwise with regard to catoptrics, and yet more, dioptrics, 
if we discard questions about the first causes of reflection and refrac- 
tion. Scientific studies kave largely extended and perfected universal ; 
ideas about those two orders of general phenomena; and the varied 
effects belonging to them are now referred with great-precision to 
a very small number of uniform laws, of remarkable simplicity. 

The fundamental law of catoptrics, well known "by the ancients, 

Great law of and abundantly confirmed by experiment, is that 

reflection, whatever may be the form and nature of the reflect- 
ing body, and the colour and intensity of the light, the angle of 
reflection is always equal to the angle of incidence, and in the sime 
normal plane. Under this law, the analysis of thé "effects pro- 
duced by all kinds of mirrors is reduced to simple geometrical 
problems, which might, it is true, involve some long and difficult 
calculations, according to the forms of some bodies, if it were not 
usually sufficient to examine the simple forms of the plane, the 
sphere, and, at most, the circular cylinder. If we preterded to ab- 
solute precision in the analysis of images, we might encounter con- 
siderable geometrical difficulties: but this is not necessary. This 
analysis depends, in general, mathematically speaking, on the theory. 
of caustic curves, created by Tschirnhausen. But even in the’ 
application of this theory, some conjectures are hazarded : and the 
want of direct and exact experiments, and the ‘uncertainty which 
attends almost all the parts of the theory of vision, prevent our 
depending too securely on the reality of the remote results of any 
“general principle that we can yet employ. 

Every luminous reflection upon any body w 


Law of absorp- by an absorption of more or 
tion not found. 


hatever is accompanied 

less, but always of a 
H great part of the incident light ; and this gives rise to 
à second interesting question in catoptrics. But our knowledge about 
it amounts to very little, from our backwardness in photometry ; so 
that we have not yet laid hold of any law. We do not know 
whether the loss is the same in all cases of incidence : nor whether 
if is connected with the degree of brightness: nor what is the 
influence of colour upon ‘it: nor whether its variations in different 
reflecting bodies are in harmony with other specific, and especially 
optical characters. These questions are ‘not only untouched: they 
have never been proposed. All that we know is simply that the 
absorption of light appears to be always greater (but to what degree 
we are ienorant) by reflection than by transmission, From this has 
resulted, in recent times, the use of lenticular beacons, introduced 
by Fresnel, 


. 
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A more advanced kind of inquiry belongs to the study of trans- 
parent substances ; but here, again, the laws are ill understood. In 
these bodies, reflection accompanies refraction, and we have the 


opportunity of inquiring by what laws, general or special, the 


division between transmitted and reflected light takes place. We 
only know that the last is more abundant in proportion as the inci- 
dence is more oblique; and that reflection begins to become total 
from a certain inclination proper ‘to each Substance, aud measured 
exactly with regard to several bodies. The inclination appears 
to be less in proportion as the substance is more refracting: but 
the supposed law of the case is connected with chance conjectures 
upon the nature of light, and requires to be substantiated by direct 


experiment. 
» 


- SECTION III. 
s 
DIOPTRICS. 


Of all the departments of Optics, dioptrics is at present the 
richest in certain and exact knowledge, reduced to a few simple laws, 
embracing a large variety of phenomena. ‘The fundamental law of 
refraction vas wholly unknown to the ancients, and Great law of 
was discovered at the same time, under two distinct 7raetion. 
and equivalent forms, by Snellius and Descartes. It consists of the 

»constant proportion of the sines of the angles that the refracted ray 
and the incident ray, always contained in the same normal plane, 
form with the perpendicular to the refracting surface, in whatever 
direction the refraction may be. The fixed relation of these two 
sines, when the light passes from a vacuum into any medium what- 
ever, constitutes tlie most important optical coefficient of every 
natural body;'and holds a real rank in the aggregate of its physical 
characteristics. ‘Che philosophers have laboured at its deter- 
mination with much care and success, by ingenious and exact pro- 
cesses : they have prepared very extensive tables, which may rival, 
as to precision, our tables of specific gravity—the uncertainty not 
exceeding a hundredth part of the numerical value of the refracting 
power. If the light passes from one medium to another, the relation 


of the refraction depends on the nature of both: but in every cese,- 


the inverse passage gives it always a precisely reciprocal value; 
as experiment has constantly shown? Again, while a body under- 
gocs no chemical change, and becomes only more or less dense, the 
relation of refraction which belongs to it varies in proportion to the 
specific gravity; as may be easily shown, especially with regard to 
liquids, and yet more to gases, in which we can so extensively 
modify density by temperature and pressure. This is why philos- 
ophers have adopted, in préference to the proper relation of refrat- 
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tion, its quotient by the density, which they have named tetracting 
power; in order to obtain more fixed and specific characters in an 
dioptric comparison of different substances, There is PRA 
'grouríd for this distinction, though its origin was suspicious. Bu 
it must be observed that the refracting power varies when the sub- 
stance does nof undergo any chemical change, but passes, as we 
leave seen in the case of water, through different states of aggregation. 
These variations in thé refracting power have given occasion to 
conflicts between the advocates of the two hypothetical systems,— 
each of which requires an invariability in the refracting power 
which we do not know to exist: and the difficulty of separating 
what is really established from what they require is one of the mis-.. 
chievous consequences of anti-scientific hypotheses, and one which 
may well render the actual charaéter of the science itself doubtful 
to impartial minds. "Pe b M "y. 9 
Newton's discoveries of the unequal refrangibility ofthe different 
.7,, elementary colours form an indispensable comple- 
Newton's dis- ment of the law of refraction. From the fact of the 
elementary decomposition of light in a prism, it clearly follows 
colours. that the relation of the sine of incidence, though con- 
stant for each colour, varies in the different portions of the solar 
spectrum. The total increase which it undergoes from tiie red rays 
to the violet measures the dispersion proper to each substance, and 
must complete the determination of its refracting power in the 
common tables, where only the mean refraction can be inserted, 
This estimate constitutes, from its minuteness, one of the „most 
delicate operations of optics, and does not admit ef so much exact- 
ness as that of the refracting action properly so called, especially in 
` bodies which bend the light but little, as the giises ; but it is aster- 
tained for a considerable number of substances, ‘solid or liquid. In 
comparing the changes of the dispersive power as $e pass from ^ 
one body to another, we discover that the variations are not, as 
Newton supposed, in proportion to the refracting power: and indeed 
we find, in more than one case, that the light is least dispersed 
by substances which refract it most., The discovery of this discre- 
pancy between two qualities which appear to be analogous was 
made by Dollond, about the middle of the last century. It is ah 
» ida of high importance in Optics, as it indicates the possibility of 
achromatism by the compensation of the opposite action pertaining 
to two different substances wiiich, without that, could not cease to 
disperse the light but by ceasing to bend it. zu 
The laws of refraction show us that there can be none but 
purely geometrical difficulties in the analysis of the effects of 
homogeneous media upon the light which traverses them," The 
great complication which might arise from thé form of the refract- - 


ing body is diminished in ordinary cases by our satisfying ourselves 


l 
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with plane, spherical, or cylindrical surfaces: but we should yet 
find the inquiry embarrassing, and especially in regard to the dis- 
persion, if we did not confine it to an approximate estimate of the 
few commonest circumstances. p 


ə 


SECTION IV. — : E 
. DIFFRACTION. 


The modification called diffraction has now become one of the 
essential parts of Optics. It was entered upon by Grimaldi and 
"Newton, advanced by the researches of Dr Young, and completed 
by those of Fresnel. It consists, of the deviation, always accom- 
panied by a more or less marked dispersion, that light undergoes, in 
pa8sing close by the edges of any body or opening. Its simplest 
way of manifesting itself is by the unequal and variou&ly-coloured 
fringes, some exterior and some interior, which surround the 
shadows produced in a darkened room. ‘The famous general 
principle of interferences, discovered by Dr Young, is the most 
important idea connected with this theory. It was not appreciated, 
remarkable as it is, till Fresnel made use of it to explain several 
interesting phenomena, difficult to analyse; and, among others, the 
celebrated phenomenon of the coloured rings, which were by no 
means fully accounted for by Newton's admirable efforts. The law 
"ef interferences is this: that when two luminous cones emanate 
from the .same point, and follow, for. any reason, two distinct 
courses, but little inclined towards each other, the intensities 
proper to the two lights neutralize and augment each other alter- , 
nately, increasing hy equal and minute degrees, the value of which 
is determined, the difference in length between. the entire paths 
traversed by the two cones. It is a pity that this important prin- 
ciple should have;suffered, like the rest, from being implicated with 
chimerical conceptions on the nature of light. ‘ 

We have done all that the nature of this Work admits, in regard 
to Optics; and we must pass over the subjects of the double re- 
fraction proper to various erystals, the general law of which was 
discovered by Huyghens. We must also omit the phenomena, of 
polarization, disclosed: by Malus. In what I have brought forward, ` 
T hope that, while I have pointed out tke gaps in this science, of 
which ave are too little conscious at present, 1 have also placed in 
a clear light the great and numerous results obtained during the 

ithstanding the disastrous preponderance of 


Jast two centuries, notwi 1 epe [ 
vain hypotheses about the nature of light over the spirit of rational 


experimentation. . 4 


y 
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CHAPTER VI, 


ELECTROLOGY. , 
Tars last branch of Physics, relating as it does to the most com- 
plex and least manifest phenomena, could not be 
developed till after the'rest. The electrical machine 
indeed is as old as the air-pump; but it was not till a eentury later 
that the study assumed a scientific character, through the distinc- 
tion of the two electricities, Muschenbroek’s experiments with 
the Leyden jar, and then through Franklin's great meteorologi- 
cal discovery, which was the first manifestation of the influence 
of electricity in the general system of nature, Up to that time, the 
isolated observations of philosophers had only suggested thé character 
of generality inherent in this part of Physics, as in all others, b 
continually adding to the number of substances susceptible of 
electrical phenomena: and it was not till the end of the last century: 
that this department, of Physics presented anything like the ratiorial 
character which belongs to the others, It is owing to the labours 
of Coulomb that it takes its place, and still an inferior place, with 


History. 


the rest. 
No other science offers so great a variety of éurious and impor- 
D n tant phenomena ; but facts, do not constitute solence, 


though they are its foundation and material. Science 

consists in the Systemalizing of facts under established general 
laws : and, regarded in this way, Electrology is the least advanced 
of all the branches of Physics, imperfect as they all are. In the 
absence of ascertained laws, arbitrary hypothesis has run riot. The 
Arbitrary simple confidence with, which students have explained 
Kyperores ONG) phenomena by endowing imaginary fluids with 
new properties for every «fresh occurrence, reminds us of the old 
metaphysical explanations, —the ancient entities being merely re- 
placed by supposed fluids, But the delusion is less mischievous 
here than in Optics, where the arbitrary conjectures are closely con- 
nected with real laws, and share their imposing: character, In 
electralogy the hypotheses, standing alone, exhibit their barrenness ; 
and everybody can see that they have borne nb share in the great 
discoveries of the last half-century, though the discoveries, once 
made, have been afterwards attached to the h ypotheses. Most 
People regard them now as a sort of myemonie apparatus, useful 
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for connecting facts in the memory, though originally designed for 
a very different purpose. They are a bad.apparatus for even this 
object, which would be much better answered by a system of 
scientific formulas especially adapted to that use. And, though less'7 
mischievous than in Optics, hypotheses of this order do harm in 
electrology, as everywhere else, by concealing from most minds the 
real needs of thescience. It should be remembered, moreover, thet 
anti-scientific action like this extends its influence over the succeed- 
ing and more complex sciences, which, on account of their greater 
difficulty, require the severest method, the type of which will 
naturally be locked for in the antecedent sciences. It is a serious 
"injury to transmit to them a radically vicious model. While 
physicists are using these hypotheses as having avowedly no intrinsic 
reality, their very use leads students of the successive sciences, and 
especially physiologists, to consider them the very sublimity of 
physics, and to proceed to take them for the basis*of their own 
labours. We see how the notion of magnetic and electric fluids 
teüds to confirm that of a nervous fluid, and to encourage wild 
dreams about the nature of what is called animal magnetism, in 
which even eminent physicists have shared. Such consequences 
show how, a study which is naturally favourable to the positive 
development of human intelligence may, by vicious methods of 
philosophizing, become fatal to our understandings. 
_ From the complex nature of the phenomena, there can be but 
Tittle application of mathematics in electrolggy. It Relation to 
lias as yet borne only it small share in the progress of Mathematics- 
the science : butsit is as well to point out the two ways,—the one 
illusory, the other yeal,—in which the application of mathematics 
has been attempted. TE 3 
Those who have occupied themselves with imaginary fluids as the 
causés of electrical and magnetic phenomena, have Unsound 
transferred the general laws of rational mechanics to ‘plication. 
the mutual action of their molecules; thus niaking the body under 
notice a mere substratum, necessary for the manifestation of the 
phenomenon, but unconcerned in its production ; with which office 
the fluid is charged. It is clear that mathematical labours so base- 
Jess can serve no other purpose than that of analytical exercise, 
without adding a particle to our knowledge. In the sound appli- 
other case,—of a sound'application,—tHe mathema- cation: 
tical. process has been based on some general and elementary laws, 
established. by experiment, according to which the study of pheno- 
mena proper io the bodies themselves has been pursued,—all 
chimerical hypotheses: being discarded. This is the character of 
the able researches of M. Ampère and his successors, , on the 
mathematical investigation. of electro-magnetic phenomena, in which 
the laws of abstract dynamics have been efficaciously applied to cer- 
tain cases of mutual action between electric conductors or magnets, 
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In examining the principal parts of electrology, we must RD 
“all that belongs to the chemical or physiological influence of 
electricity, and all connection of electricity with concrete physics ; 
‘and especially with meteorology. : 
Thus limited to the physical and abstract, electrology at present 
comprehends three orders of researches." "The first 
relates to tle production, manifestation, and measure- 
ment of electrical phenomena: the second, to the comparison of the — , 
electric state proper to the different parts of the same mass, or to 
different contiguous bodies: the third, to the laws of the motions 
which result from electrization: we may add, as a fourth head, the 
application of the results under the other three to the special study« 
of magnetic phenomena, which can’ never henceforth be separated 
from them. 


Divisions. 


. bd e 
om pé 


SECTION I. 


ELECTRIC PRODUCTION. 


The sum of our observations leads us to regard the electric — «- 
condition of bodies as being, more or less evidently, an invariable 
consequence of almost all the modifications they can undergo: but 

Causes of clec- the chief causes of electrization offer themselves, in 

trization. the order of their power and scientific importance, 
thus: chemical compositions and decompositions: variations of" 
temperature: friction: pressure: and, fihally, simple contact. 
This distribution differs widely from that first indicated by inquiry, 
—tfriction being long supposed the only, and then the most powerful 
means of producing the electric condition. "Phe comparison of 
means is very far from being exhausted ; but we may be assured — 
that the order specified above will never be radically changed. 

"There is no doubt that chemical actions are the most general 

Chemical — Sources of electricity, as well as the most abundant ; 

Een: as they are with regard to Heat. In the most 
powerful electrical apparatus, and especially in the Voltaic pile, the 
chemical action, which at first passed unnoticed, is now recognized, 
thanks to the labours of Wollaston and others, as the principal . 
‘source of electrization, which becomes indeed almost insensible | 
when care is taken to exclude chemical action.—After this, the 

Thermologi- next most powerful cause is thermological action, | 

cal actim. = though, till recently, it was recognized only in the 

single case of heated tourmalin. We now know that marked 
differences of temperature between consecutive bars of different 
kinds, whether homogeneous or otherwise in the particular case, 
suffice’ ‘to induce a marked electrical condition, the more intense as 
the elements are more numerous,—the thermometrical conditions 
remaining the same—These two causes are so powerful, and so 


o 


"influence of the rot 
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difficult to exclude, that the estimate of the others becomes a very 
delicate matter. Tt is difficult to determine how much influence 
io ascribe to any cause after these two, while yet they are almost 
unavoidably present. ‘Thus, even about friction, BE i 
which used to be regarded as so powerful a cause, it 
is now doubtful whether the friction itself has any influence, and 
whether the electrization is not due to the thermometrical, ard 
even the chemical effects which always accompany friction, but 
which used to be altogether overlooked in this instance. 


The tase is nearly the same with Pressure, the electric influence 


of which, however, is, if less marked, more unquestion- — p, s 
"able, from our being able to isolate itmore, Butthe ~~ 

vemark is above all applicable to the production of the electric state 

by the simple contact of heterogeneous bodies, It was by this con- 

{att that Volta brought out the power of his won- Gontact 

derful irstrüment, while it is well known now that ^^ d 

chemical action bears a chief part in it, and that contact contri- 

putes to it in only a secondary manner, if even it be not altogether 
doubtful. 
Besides these leading causes of electrization, there are many less 
' important,—as changes in the mode of aggregation, — prr. causes. 
the fusion of solids, and the evaporation of liquids. 

Even simple motion suffices, under special conditions, to induce an 
electric state, as M. Arago has shown in the experiment of the 
ation of a metallic disc upon a magnetized needle, 
near but not contiguous. Our philosophers, however, must beware 
of passing into tlie other extreme from that with which they justly 
4 is, no doubt, prejudicial to electro- 


reproach their predecessors. Tt is, no í e 
logy to neglect all sources of electrization but the most conspicuous: 


Dut it may bg, not less so to carry analysis too far, and sce causes of 


electrization in all sorts of minute phenomena.* 

A special instsument, or class of instruments, naturally corre- 
sponds to each of the general modes of electrization, — p, struments. 
in order to realize the most favourable conditions for à 
the production and support of the electric state. However important 
these may be, it is clear that we cannot here enter upon the con- 
sideration of them. But we must nof pass over the instruments 
invented for the ma ‘festation and measurement of the electric con~ 
dition,—the electroscope and the elegtrotheter. The most eminent: 
philosophers have always attached the highest importance to the 
perfecting of these instruments, in the invention of which real genius 
has often been exhibited. Their perfection is of more consequence 
than. that of electric producers ; because very weak electric powers 
often answer best in delicate experiments, from their simplicity ; 


Friction. 


* In this paragraph, M. Comte &lludes to the now most fertile, but when he wrote, 
the comparatively unknown subject of the development of Electricity by Induction, 
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while the utmost ingenuity is required in instituting means of mani- 
festing and measuring the minutest electric effects. —Though the 
electric condition cannot be measured without being first manifested, 
‘and the manifestation leads to some sort of estimate, there is a real 
distinction between electroscopes and electrometers. Among simple 
electroscopes, the most remarkable for use in very delicate researches, 
is that kind called condensers, which render feeble electrical effects 
sensible through their gradual accumulation: and all these instru- 
ments are so arranged as to show, by the method of experimentation 


L Von : 
. itself, the positive or negative character of the electricity under 


notice—Coulomb’s electrical balance is certainly fe most perfect 
of electrometers. It was by its means that he discovered, and that 


we every day demonstrate, the fusidamental law of the variation of . 


electric action, repulsive or attractive, inversely to the square of the 
distance ; a, law which could not be unquestionably obtained by any 
other means. As we have advanced in the science of 'eleotro-mag- 
netism, a new class of electrometers has been introduced, for purposes 
of measurement, for which Coulomb's balance would not answer. 
These are the class of multipliers. Valuable and delicate as they 
are, they have not yet been applied, with so much certainty as ‘the 
balance, to exact measurements, from the difficulty of prenortioning 
the graduation to the intensity of the observed phenomenon, 


SECTION II. 


ELECTRICAL STATICS. E 

The second part of electrology includes what-is improperly called 
electrical statics ; a term imputable to illusory hypotheses about 
the nature of electricity : yet it is not a wholly absurd title, as it 
relates, in fact, to the distribution of eleétricity in a mass, or in a 
system of bodies, the, electric state of which is regarded as invari- 
able. We may therefore continue to use this abridged term, if we 
carefully keep clear of all.mechanical notions of the equilibrium of 
any supposed electric fluid, and attach to it a sense analogous to 
that of Fourier, when he spoke of an equilibrium of heat, and of 


„economists when they speak of an equilibrium of population. 


Considering first the case of an isolated body, Coulomb has estab- 
Great law of lished a fündamental law which is (metaphorically 
distribution. — expressed) the constant tendency of electricity to the 
surface, or, in rational language, that after an inappreciable instant 
of time electrization is always limited to the surface, however it may 
have been in the first place produced. As for the distribution of 
the eleztric state among the different parts of the surface, it depends 
oa the form of bodies, being uniform fcr the sphere alone, unequal 
for all other forms, but always subject to regular laws. ‘The ana- 


- lysis of these may be supposed to present insurmountable difti- 


© 


- becomes more complex when more tha 
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culties ; nevertheless, Coulomb has established a general fact of 
great importance, by comparing the electric states proper to the 
extremities of an ellipsoid gradually elongated : he has perceived 
that their electrization increases rapidly as the figure is elongated,” 
diminishing in the rest of the body; whence he deduced an expla- 
nation of that remarkable power of points, disclosed by Franklin.* 
The laws of electric equilibrium between several contiguous 
bodies afford a yet more difficult and extensive in- Electric 
quiry. , Coulomb studied them ouly in the limited equilibrium. 
and insufficient single case of spherical masses. However, we learn 


„from his labours that the nature of substances exercises no influence 


over the electric distribution established among them, the mode 
depending merely on their form and their magnitude; only, the 
electric state assumed by eack surface is more or less persistent, and 
manifests itself with more or less rapidity, according, to the degree 
of condifetibility in the body. Coulomb analysed completely the 
mutual action of two equal spheres; discovering that the electric 
condition is always null at the point of contact, scarcely sensible at 
90 degrees from that point, fast increasing from 60 to 90 degrees, 
and then more slowly increasing up to 180 degrees, which is its 
maximun». If the globes are unequal, the smallest is the most 
strongly affected : and it makes no difference whether they are 
electrized together, or the one before the other. ‘The question 

n two bodies are concerned. 
Coulomb examined only a series of globes ranged in a straight line ; 
Dut if they had been so placed as that each should touch three or 
four others, the mode of electric distribution would inevitably have 
undergone great changes. The subject must be regarded as merely 
initiated by this great philosopher ; and no one has added anything 
to itosince Fås time. It offers to electricians a subject of almost 


inexhaustible research. 


SECTION III. 


ELECTRICAL DYNAMICS. 


The third part of electrology is very properly called Electrical 
Dynamies, because îe relates to the motions which Ampires et- 
result from electrization. Recent as is its origin, it periments. 
is superior to the others in its scientific condition, through the 
Jabours of M. Ampère; always supposing conjectures about the 
nature of electric phenomena to be discarded. M. Ampere has 
referred the analysis of the effects observed in this branch of elec- 
trology to one great and general phenomenon, the laws of x;hich he 
has fully ascertained ; therdirect and mutual action of two tilreads, 

* Much bas since been added to this class of investigations.—J. RNG 
+ These specific facts are 10W comprehended within general laws.—J. P. N. 
i 
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charged with electricity by Voltaic piles, habitually reduced to their 
greatest simplification ; that is, almost always composed of a single 
g 


;, element. 


M. Ampère so arranged his experiment as to guard the conduct- 
ing threads from the perturbing influence of the earth’s electricity ; 
and this done, he could easily seize the elementary laws of the 
phenomenon under his notice. He found that when the two con- 
ductors are sufficiently mobile, they tend to place themselves in 
directions parallel to each other ; and that they then attract or repel 
each other, according to the conformity or contrariety of the two 
electric currents. In looking for the laws of the caseyit is necessary, 
for the sake: of generality and simplicity, to keep in view only“ 
infinitely small portions of the different conductors. ‘These laws, 
mathematically considered, relate either to the influence of the 
direction, or to that of the distance. : T 

As to the direction, there are the two cases to be Considered of 
the conducting elements being in the same plane, or in different 
planes. In the first case, the intensity of the action depends only 
on the angle formed by each of the two elements with the line which 


joins their middle points: it is null at the same time with this angle, 


and increases with it, attaining its maximum when it becomes right. 


All phenomena, direct or indirect, appear to be exactly represented 
if this intensity is made to vary in proportion to the sine of the 
inclination, according to the formula adopted by all the successors 
of M. Ampére. In the other case,—of the conductors not being in ~ 
the same plane,—the action depends moreover on the mutual 
inclination of the planes indicated by each of them, and by the 
common line of their middle points; and the result of this second 
relation is wholly different. The perpendieularity of the two planes 
determines the absence of all action: there is attraction while the 
angle is acute, and it increases as the angle-diminishes, its maximum 
taking place at the moment of coincidence ; when the angle is obtuse, 
the action becomes repellent, and increases as each plane approaches 
towards the prolongation of the other, a situation which produces 
the maximum of repulsion, The supposition which arises in this 
case is that the action is in proportion to the cosine of the angle of 
the two planes; but we have not yet attained such certainty as in 
ihe former case, D 
As for the influence of” distance, M. Ampère supposed that, in 
analogy with Coulomb’s law of common electric attraction, 
repulsion, the action of two conducting elements is alw. 
lo the square of the distances of their middle points, 
is not sufficient to conclude upon; and direct obsery 
the question when the parts taken are infinitel y small 
Sough /must be affected by the form and m 
lors. However, it may be mathematically demonstrated that, in 
the hypothesis adopted by M. Ampere, the action of a rectilinear 
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conductor, of an indefinite length, upon a magnetized needle, must 
vary exactly in the inverse ratio of their shortest distance. This 
consequence has been precisely verified by experiment ; and it places 
beyond a doubt the reality of the proposed law. E ty 
Y Under this law, electric action would seem to be, mathematically, 
in analogy with that of gravitation. But this case affords a lesson 
against incaution in transferring to the study of these singular move- 
ments the ordinary procedure of abstract dynamics. Gravitation is 
independent of mutual direction, which is the determining influence 
in electrical dynamics: and thus the parallel fails. We see, further, 
how many more difficulties are in the way of the analysis of electric 
forces than in that of molecular gravitation. If this last is, from 
its complexity, unmanageable except in the simplest cases, it is no 
wonder that electrical dynamics hiis not been mathematically studied 
futher than in one dimension, and never at all in surface. Even 
this much would be hardly effected but for a last fundemental idea, 
establishiéd by M. Ampère; that in an infinitely small extent, and 
as long as the distance is not sensibly changed, the electric action is 
identical for two conducting elements issuing at the same extremities, 
whatever may be otherwise their difference of form. Such a pro- 
perty must introduce valuable analytical simplifications, tending 
to establish a remarkable analogy between electric and ordinary 
dynamic decompositions. 
These are the grounds on which the study of the various action 
of electrized threads proceeds. Among the many dispositions of 
these conductors, the most interesting case is that of the spiral form ; 
and especially when the turns are very close together. M. Ampére 
has shown the high importance of this form, in order to imitate, as 
exactly as possible,” the phenomena characteristic of magnetized, 
bodies.* e 
a : J 


o* > 


9 n m H 

We have now reviewed the philosophy of Physics, noticing in 
turn the aspects presented by the study of the pro- Conclusion 
perties common to all substances and all structures. — / anna 
‘These are not so much branches of a single study as distinct sciences. 
Part of our business has been to carry on a philosophical operation, 
hardly necessary in astronomy, but becoming more and more so as 
we descend to the more complex sciences ;—that of disengaging, 
real science from the influence of the old, metaphysical philosophy, 
under which it still suffers deplorably, and which manifests itself in 
Physiés through illusory and arbitrary conceptions about the DS 
tive agents of phenomena. I have been able only to indicate the 

* M. Comte concludes the section on Electricity by a slight ree i ee es 
coveries of Oersted, Arago, and others, regarding its virtual identity wit) 52. otn 
the magnetic forces. Bat as the whole of this most interesting: and RUPEM par 
of Physics has taken a new formesince the date of his work, it has not, i yeasqns 
assigned in the Preface, been thought necessary to reproduce his remarks in this 
place,—J. P. N. 
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mischief, and where it resides; and I must leave the work of puri- 
fication to rational philosophers, whose attention will, we must hope, 
be more and more drawn to this vital question. It is with the same 
view that I have endeavoured to assign the true application of mathe- 
matical theories to the principal branches of physics, pointing out 
by the way the danger of the excessive systematization which is too 


y be perfected, through the means 
0 the anterior sciences, 


oF 


to 
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BOOK IV. 


à CHEMISTRY. 


a CHAPTER I. 
v B 

We have now to review the last of the sciences which relate to the 
inorganic world. Chemistry has for its object the 
modifications that all substances may undergo in their A 
composition in virtue of their molecular reactions. Without this 
new order of phenomena, the most important operations of terrestrial 
nature would be incomprehensible to us; and there is no other class 
of phenomena so intimate and so complex. Inert bodies can never 
„appear so nearly like vital ones as when they produce in each other 
those rapid and profound perturbations which characterize chemical 
effects, . We shall see hereafter that the spirit of all theological and 
metaphysical philosophy consists in conceiving of all phenomena as 
analogous to the only one which is known by immediate conscious- 
ness,—Life: and owe can easily understand that the primitive 
method of philosophizing must have exerted a more powerful and 
obstinate dominion over chemical phenomena than any other, in the 
inorganic world. We must consider, too, {hat direct and spon- 
{taneous observation must have been applied in the first place only 
to very complicated phenomena, such as vegetable combustions, 
fermentations, etc., the analysis of which now requires all the 
resources of our science: and that the most important chemical phe- 
nomena are produced only in artificial circumstances, which were, 
long in being devised; and very difficult at first to institute. Easy 
as if is now for even the most ordinmSy inquirers to use known 
substifnces for the disclosure of new relations, we can hardly imagine 
the difficulty there must have been, in the infancy of chemistry, in 
creating suitable subjects for observation: and we cannot suppose 
thatthe ancient investigators of nature could have had energy and 
. perseverance to distover the principal phenomena of the sgence if 
they had not been constamtly stimulated by the unbounded hopes 
, arising from their chimerical notions of the constitution of matter. 


Its nature. 
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The complex and doubtful nature of the phenomena, in the first 
Great imper- place, and next, the difficulty of getting at them, are 
fection. quite enough to account for the tardy and incomplete 

positivity of chemical conceptions, in comparison with all others in 


"the inorganic region of nature. If, as we have seen; Physics is 


defective in several respects, much more must that science be so 
which, being at once more difficult and more recent, seeks the laws 
ot composition and decomposition. Whichever way we look at'it, 
whether speculatively, as to the value of its explanations, or actively, 
as to the previsions which they admit of, this science is evidently 
the least advanced of all the branches of inorganic philosophy. 
Indeed, it is hardly possible to call chemistry a science at all while 
it scarcely ever leads to that precise prevision which is the criterion 
of perfection in speculative knowledge. We can rarely tell what 
will be the result of the smallest and fewest modifications introduced 
among the hest explored chemical operations ; and while that is the 
case, however important and numerous may be the facts collected, 
we are in possession of only erudition, and not science. To suppose 
otherwise is to mistake a quarry for an edifice. 

It is not to be hoped that chemistry can ever attain a state of 
Capacities,  Tttionality so satisfactory as that of the sciences which. 

h relate to phenomena of a more simple charzoter ; and 
especially that of the eternal type of natural philosophy,—Astron- 
omy. But so much of its inferiority seems to be due to a vicious 
philosophy, and to the defective education of philosophers, that I. 
cannot but hope that a judicious philosophical analysis may con- 
tribute to a speedy perfecting of so important a science. , This is 
the conviction that I desire to awaken by the rapid sketch which I 
propose to offer of chemical philosophy, regarded in all its essential 
aspects. Little as can be done within the bounds of this section, it 
is possible that some one eminent inquirer may be impxessed hy the 
necessity of submitting to a new and more rational elaboration the 
fundamental conceptions which constitute the science. 

First—what is the general object of Chemistry? Vast and 
Object of complex as is its subject, the definition of Chemistry 
Chemistry. — ig easier than that of Physics. We are already pre- 

pared for it, indeed, by having contrasted that of Physics with it. 
it is easy to characterize the phenomena of chemistry, in a direct 
and marked manner; for all indicate an alteration, greater or 
smaller, in the constitution of bodies: that is, a composition or 
decomposition, and generally both, taking into the account the 
whole of the substances which participate in the action, Thus, af; 
all epochs of scientific development, since chemistry first became an 
object of speculative study, chemical researches have steadil aie 
fested,</ remarkable originality, which has prevented thei. ene 
cenfcunded with other parts of natural philosophy; even while 
Physics itself was mixed up, as its title shows, with physiology ; 
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which was the case up to a very recent time.—It is by this general 
character of its phenomena that Chemistry is distingnished from 
Physics which precedes it, and Physiology which follows it. "The 
three sciences may be considered as having for their object the; 
molecular activity of matter, in all the different modes of which it | 
is susceptible. Each corresponds to one of three successive degrees 
of activity, which are essentially and naturally distinguished from 
each other. The chemical action obviously presents something 
more than the physical action, and something less than the vital. 
The physicál activity modifiesthe arrangement of particles in bodies ; 
and these modifications are usually slight and transient, and never 
alter the substance. The chemical activity, on the contrary, besides 
these alterations in the structure and the state of aggregation, 
occasions a profound and durable thange in the very composition of 
the particles : the bodies which occurred in the phenomenon are no 
longer recognizable,—so much has the aggregate of thei properties 
been disturbed. — Again, physiological phenomena show us the 
molecular activity in a much higher degree of energy; for, as soon 
as the chemical combination is effected, the bodies become, once 
ore, completely inert ; whilst the vital state is characterized, over 
and abové all physical and chemical effects, by a double continuous 
motion of composition and decomposition, adapted to maintain, 
within certain limits of variation and of time, the organization of 
the body by incessantly renewing its substance. This is the grada- 
».tion, which no sound philosophy can ever confound, of the three 
modes of molecular activity. By Á 
wo more characteristics of this science must be pointed out: one 
relating to its nature, and the other to its general conditions. - 
Chemistry would* not be classed among the inorganic sciences 
unless its phenometia were general ; that is, unless Specific char- 
every substance were susceptible of chemical action, EOD 
more or less. And it. is because chemistry is thus > 
radically different from physiology that it ranks as the last of the 
inorganic sciences, — physiological phenomena being, by their nature, 
peculiar to certain substances, organized in certain modes. Never- 
theless, it is incontestable that chemical phenomena present, in every 
case, something specific, or, to use Bergmann's energetic expression, 
elective. Not only does each material element produce chemical A 
eflects which are altogether, peculiar to it, but it is the same with 
their innumerable combinations of diffetent orders, among the most 
analogous of which certain fundamental differences are observable, 
even so as to be adopted as their characteristics. -While therefore 
physical differences among different bodies are those of degree only, 
chemical properties are specific. Physical properties afford the 
common foundation of material existence ; and it is by che mical 
properties that individuality is manifested. Á 2 a 
he other characteristic relates to the mode of chemical action. 
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The immediate contact of antagonistic particles is absolutely neces- 
Condition Sexy to chemical action ; and therefore one at least of 
action. the substances concerned must be fluid or gascous. 

Whea this condition does not already exist, it must be artificially 

“procured by liquefying the substance. It is the earliest axiom in 

the science, that combination cannot take place, except+nnder this 

condition; and there is not an instance upon record of chemical 
action between two solids, unless at a temperature which obscures 
the true state of aggregation of substances ; and the action is never 
so powerful as when both substances are liquid. These facts estab- 
lish the eminently molecular character of chemical effects, and 
especially in comparison with physical effects. The distinction from. 
physiological effects is, though less marked, as real, the latter 
requiring, as we shall see heresfter, the junction of solids with 
fluids. d p 
The defi-^zon of Chemistry, then, is that it relates to the laws of 
Definition. the phenomena of composition and decotiposition, 


which result from the molecular and specific mutual 
action of different substances, natural or artificial, 


It will be long, we must fear, before a more precise definition 
than this can be given. Meantime, however incomplete, the most 
rational that can as yet be offered is of importance as fat as it goes. 
Tn this view, and connecting, as usual, the consideration of science 
with that of prevision, the aim proposed should be this —the 
characteristic properties of substances, simple or compound, being, . 
given, and those properties being placed in a chemical relation in 
well-defined ‘circumstances, to determine in what their action will 
consist, and what will be the chief properties'of the new products, 
This problem is, at all events, determinate; aud nothing contained 
in it could be omitted without its ceasing to be o; and the formula 
therefore contains nothing superfluous. On the other hand, if we 
could obtain such solutions as are indicated, the application of 
chemistry to the three great objects, vital phenomena, the natural 
history of the globe, and industrial operations, would be rationally 
organized, instead of being, as now, the almost accidental result of 
the spontaneous development of science. Each question would at 
once be referred to our formula, the data of which would be supplied 
by the circumstances peculiar to the application. _ Far distant as 
we are from being able thus to conduct our inquiries, this is the 
end to be kept in view: "and chemists all agree that the most 
advanced portions of their science are those few and simple questions 
in which this aim has been more or less completely attained. 

By a continued application of this method, all the data must 
finally be reducible to the knowledge of the essential properties of 
simy’s substances, which would lead to {lat of the different: 
‘Ttitediate principles: and consequently, to the m 


ej ost complex and 
emote combinations. As for the study of the clements, that must, 
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of course, be.a matter of direct, experimental elaboration, divided 
info as many parts as there are undecomposed sub- 
stances. Whether or not if may be possible to Tenan 
discover, by rational methods, relations between the chemical 
est 
E oF aed spensable a ¢ irec exp oration of the chemical 
c ement. ‘his general basis once obtained from 
experiment, all other chemical problems must be susceptible of a 
rational solution, under a small number of invariable laws. 
The classes of combinations naturally divide themselves into two, 
according, firsts to the simplicity, or the greater or NW ou 
“Jess degree in which the immediate principles are Con eee 
compounded: and, secondly, the number of elements combined. 
Chemical action is observed to become more difficult the more 
substances are compounded : the greater part of compound atoms 
belong tg the first two orders and beyond the third {néir composi- 
tion seems almost impossible: and, in the same way, in regard to 
the number of elements, combinations lose their stability in pro- 
portion as the elements are multiplied :—there are usually only two; 
and scarcely any body involves more than four. Thus, the number 
of chemical classes must always be very small in regard to the 
distinction under notice: and each of them must have a correspond- 
ing law of combination, according to which the result might be 
certainly anticipated through a knowledge of the data. This would 
"be the scientific perfection of' chemistry. Our prodigious remote- 
ness-from such a state fs ascribable to the feebleness of our faculties, 
and, in an accessory way, to their vicious direction. We must 
remember that the great aim has begun to be fulfilled in one 
secondary department of chemical research,—the study of propor- 
tions, as we shall see hereafter. What has been done in that one 
category makes us ask why an analogous perfection should not be 
attained in other «departments. We muy sum up this account of 
the requisites, with the fully rational definition of Chemistry, that 
it has for its object,—the properties of all simple Rational 
bodies being given, to find those of all the compound definition, 
bodies which may be formed from them. Every science falls short 
of its definition : but a real definition is the first evidence that a 
science has attained gome consistency: it then measures its own” 
advancement from one epoch to anothér; and it always keeps 
inquirers in a right direction, and supports them in a philosophie 


progress. 
4 shall find that in 


Looking now at our means of investigation, we 
that the complication Means of in- 
vestigation, 


chemistry the law holds good 
of phenomena coincides with the extension of our 
means of inquiry. b 
Here Observation begins to find its full dev 
e his time it has been more or less partial. 


^u vw 
elopment. Upto 
In astronomy, it 
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is confined to the sense of sight: in physics we use hearing and 
touch also; and chemistry employs, besides these, 
taste and smell. How much is thus gained we may 
“know by imagining what would become of chemistry, if we were 
without taste and smell, which are often the only means by which 
we can recognize effects produced. The important thing to observe 
inder this head is that there is nothing accidental, nor even 
empirical, in such a correspondence ; for, as we shall hereafter see, 
the sound physiological theory of sensations shows that the apparatus 
of taste and smell, unlike that of the other senses, operates in a 
chemical manner, and thus shows these two senses-to be specially 
adapted for the perception of phenomena of composition and 
decomposition. ; 
As for Experiment, it is enough to say that the greater number 
Portam „9f chemical phenomena, and especially the most 
instructive, are of artificial production. Still, we 
must remember that the essential character of experimentation 
consists in the institution, or the choice of the circumstances of the 
phenomenon, in order to a more evident and decisive investigation. 
This process is more difficult in chemistry than in physics, because 
it is more difficult to institute two parallel cases, undisturbed by 
the intrusion of irrelevant influences ; $; 
tal condition of experimentation. On this account, I dissent from 
the ordinary supposition that the experimental method is more 


Observation. 


appropriate to chemical than to physical researches. ‘Though this- 


is my view, and though the greater advancement of physics gives it 
the advantage over chemistry in the use of experiment, I can have 
no doubt of the powerful influence of experimentation in chemistry, 
independently of its having supplied new subjects of observation, 
From the early days of the science, the immortal series of Priestley’s 
experiments, and yet more, those of Lavoisier, have offered sdmir- 
able models, almost comparable to the most perfect researches in 
physics, and quite enough to prove that there is nothing in the 
nature of chemical phenomena to prevent the extended and luminous 
employment of the experimental method. 
The third means, Comparison, which we have before seen to be 
S Contains: inapplicable in Astronomy, and of especial use in 
Physiology, begins to havé a xeal use in Chemistry. 
The essential condition sf this valuable method is that there shall 
be an extended series of cages, analogous but distinct, in which a 
phenomenon shall be modified more and more, whether by successive 
simplifications or gradations, It is evident that this can take place 
fully only with regard to vital phenomena; accordingly, it is only 
by /siological analysis that a clear idea pf its T 
btxined. But chemical phenomena approach those of physiology 
néarly enough, not only to demand this method, but to indicate that 
without it the science can never find the road to perfection, The 
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; and yet this is the fundamen-: 


value can be. 
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existence of natural families in chemistry is now admitted by the best 

inquirers: but the classification remains to be made, The need of 

the classification must lead to the use of the comparative method, 

both being based on the common consideration of the uniformity: 
of certain preponderant phenomena in a long series of different bodies. 
here is éven such a connection between the two orders of ideas 
that the construction of.a natural chemical classification is impos- 
sible without a large application of the comparative art, as the 
physiologists understand it ; and conversely, comparative chemistty 
cannot be regularly cultivated without the guidance of some sketch 
of a natural classification. Chemistry is at present only a nascent 

-escience ; general methods are as yet scarcely recognized in connec- 
tion with it; and only a very few researches afford an example of 
the comparative method ; but Í am persuaded, not ouly of the 
fimdamental suitability of that method in chemistry, but of its 
application, before very long, to the perfecting of the Scleace. Such 
an anticipation, somewhat preceding the spontaneous development 
of any science, may be a contribution to its actual progress. 

All the means employed are subject,—especially, but not solely 
in chemistry,—to a verification by the precise colla- Chemical ana- 
tion of the two procedures of analysis and synthesis; — lysis and'syn- 
—or (as these terms have been corrupted by meta- dens 
physieal uses) composition and decomposition.—Every substance 
which has been decomposed must evidently be capable of recom- 

"'wosition, whether the process be otherwise practicable or not. 
the inverse operation feproduces precisely the primitive substance, 
the chemical demonstration is complete. "Unfortunately, the vast 
extension of chemical resources in this century has had a much 
stronger bearing on analytical powers than synthetical means ; so 
that there is at present little proportion and harmony between the 
two fhethods.——Such harmony is indispensable to the establishment 
of certainty in same cases, as we see when we duly distinguish two 
„widely differing kinds of chemical analysis: the preliminary, 
consisting of the simple separation of the immediate principles ; 
and the final, leading to the determination of the elements, properly 
so called. Though both are essential to chemical research, the 
first is of the most important and extensive use. _ The elementary 
. analysis might be spared a synthetical verification,—because the 
composition of the reacting substances may be compared with the 


i. et tI 
results obtained, thus indicating thé composition of the proposed 


substance, the different elements of which will in this way have been 
jn some sort separated. ‘The impossibility of recombining tlie ele- 


ments, to reproduce the primitive body, ought not to throw any 
son,for sus- 


doubt on the solution, unless there is some special rea ) 
pecting the simplicity of any one of the elements. Synthes cap, 
jn this case, only add a valuable confirmation -to what was betore 
not doubtful. But the case is very different when we have to 
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determine only the immediate principles. As the elements con- 
cerned can produce combinations of different orders, we can never 
be sure that one or more of the supposed immediate principles 
-obtained does not result from the reactions caused by the analysis 
itself. It is only synthesis which, by reconstructing the proposed 
substance with the materials concerned, can decide the question 
conclusively, though in some cases of feeble agency in the reactives, 
and strong analogical induction, there is no room left for reasonable 
doubt. Inimmediate analyses of great complexity, when the agree- 
ment of various analytical means strongly corroborates the con- 
clusions obtained, we cannot rely on real chemical demonstration 
without the synthetical confirmation. This maxim of chemical 
philosophy is abundantly exemplified in the analysis of mineral 
waters, and yet more of organic substances.—It is noticeable that 
synthesis is easiest where it is most necessary, and would be most 
difficult in ug case of elementary analysis, where it can, aş we have 
seen, be dispensed with. This is owing to the combinations becom- 
ing less tenacious as the order of composition of the constituent 
. particles is higher; and if the decomposition is easy, so is the 
recomposition. The cases of immediate analysis require only feeble 
antagonisms, offering no great obstacles to the synthetical operations 
indispensable for their demonstration. Ü 


Rank: of the We have next to consider the ency 
science. 


it in our scale, 

Tt is from no vain and arbitrary consideration that Chemistry is 
placed between Physics and Physiology in our scale. By the impor- 
tanti series of electro-chemical phenomena Chemistry becomes, as it 
were, a prolongation of Physics: and at its other extremity, it lays 
the foundations of physiology by its research into organic combina- 
tions. These relations are so real that it has sometimes happened 
that chemists, untrained in the philosophy of science, have been 
uncertain whether a particular subject lay within their department, 
or ought to be referred either to physics or to physiology. 

The phenomena of Chemistry are more complex than those of 
Physics, and are certainly dependent on them. Their degree of 
generality is inferior,—ehemical effects requiring a much more ex- 
tended concurrence of varied conditions. Physical properties belong 
not only to all substances,<but, with simple modifications, to all the 
states of aggregation, and even of combination, of each of them : 
whereas, it is only in a more or less determined and restricted con- 
dition that each body manifests its chemical properties. Ina word 
nature often shows us physical effects apart from the chemical, while 
there con be no chemical effects apart from certain physical pheno- 
meng Thus Chemistry cannot be rationally studied without a pre- 
Viors knowledge of physics. Besides, the most powerful chemical 
agents are derived from physics, which presents, in its different 


A : 5 clopedical posi- 
tion.of Chemistry, to justify the rank assigned to 
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orders of phenomena, the first distinctive characters of different 
substances. It is impossible in our day to conceive of scientific 
chemistry without giving it the whole of physics for its basis : and 
thus is its first relation in the scale established. And, as physics, 
is dependent on astronomy and mathematics, so must its own de- 
pendent bé But it must be owned that, with regard to doctrine, ' 
the connection of Chemistry with the first two sciences is neither 
extensive nor very important. i 
Every attempt 4o refer chemical questions to mathematical doc- 
irines must,be considered, now and always, profoundly irrational, 
us being contraty to the nature of the phenomena. In the case of 
»physies, themischief would be, as we have seen, merely Relation to 
{rom the misuse of an instrument which, properly Mathematics. 
directed, may be of admirable @fficacy : but if the employment 
of mathematical analysis should ever become so preponderant in 
chemistry (an aberration which is happily almost impossible) it 
would ccasion vast and rapid retrogradation, by substituting 
vague conceptions for positive ideas, and an easy algebraic ver- 
biage for a laborious investigation of facts. The direct subordina- 
tion of chemistry to astronomy is also slight, but more m, Astronomy 
marked. _ Itis almost insensible in regard to abstract s ri 
chemistry, which alone is cultivated in our day. But, when the 
{ime shall come. for the development of concrete chemistry,—that 
ethodical application of chemical knowledge to the natural 
f the globe,—astronomical considerations will no doubt 
enter in where now there seems no point of contact between thé two 
` sciences. Geology, immature as it is, hints to us such a future 
necessity, some vague instinct, of which was probably in the minds 
of philosophers in’ the theological age, when they were fancifully 
and yet obstinately bent on uniting astrology and. alchemy. lt is; 
in faet, impossible to conceive of the great intestinal operations of 
the globe as radically independent of its planetary conditions.— 
Teorsiderable as are the relations of chemistry with mathematics 
lngons Nd in regard to doctrine, it is far otherwise with regard 
agd owe 1t is easy to see how the perfection of chemistry might 
» Ed i and hastene by the training of the minds of chemists 
EF fhe mathematical spirit and astronomical philosophy. Besides 
that mathematical sindy is the necessary foundation of all positive 
science, it has a special use Im chemistry jn disciplining the mind to 
2 luct of snalysis : and daily observation 


wise severity in ihe condu ; : 
a evil effects of its absence. Yet, it can never be said that 


chemists have so much need of a mathematical education as phy- 
a 
sicists, because they do no 


is, the m 
history o 


+ need it as an instrument in AEN 
‘ag an i n°’ ation for the rational study of nature. 

i an intellectual pre yaration for at 
DE eono we ds seen that it constitutes the most perfect 
fi A e af the study of nature; and this at once establishes its reinfion 
» We uperiority to chemistry. The more complex the phenomena, the 
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more important is the influence of such a model ; and it is only UY 
having always before their eyes such an exemplification of the true 
spirit of natural philosophy, that chemists can rightly estimate the 
-dnanity of the metaphysical explanations which vitiate their doc- 
trine, and can acquire an adequate sense of the true character, 
conditions, and destiny of cliemical science. Under this point ot 
view, astronomy is more useful to chemists than even physics, in 
proportion to the superiority of its method. à 
So much for the sciences which precede chemistry. As for those 
that follow, physiology depends upon chemistry both 


ALMA. ag a point of departure and as a principal means of 


investigation. If we separate the phenomena of life, properly so 


called, from those of animality, it is clear that the first, in the double 
intestinal movement which characterizes them, are essentially chem- 
ical. The processes which result frém organization have peculiar 
charaeteris&z4; but apart from such modifications, they are neces- 
sarily subjected to the general laws of chemical effects. "Even in 
studying living bodies under a simply 
try is of indispensable use in enabling us to distinguish with pre- 
cision the different anatomical elements of any organism.—We shall 
see hereafter that the new science of Social Physics is subordinated 
“to chemical science. In the first place, it depends on 

it by its immediate and manifest. connection with 

physiology: but, besides that, as social phenomena are the most 


To Sociology. 


of all the preceding orders, each of which manifests, in social science, 
its own peculiar influence. In regard to Chemistry especially, it is 
evident that among the conditions of man’s social existence several 
chemical harmonies between man and external circumstances are 
‘involved. Even if individual existence could De sustained, society 
could not, if these harmonies were destroyed, or even Snly somewhát 
disturbed, —as by changes in the atmospheric medium, or in the 
waters or the soil. 
The position of Chemistr 
Degree of pos- mined, the n 
sible perfection. tific perfectic 


y among the sciences being thus deter- 
ext inquiry is about the degree of scien- 
à on that its nature admits, in comparison 
with others. As for the method, if physics suffers from the intrusion 
of hypotheses, we may say that chemistry has been their ‘absolute 
prey, through its more difficult and tardy development. The doctrine 
of affinities appears to me more ontological than that of fluids and 
imaginary ethers. If the electric fluid and the luminous ether 
as I called them before, materialized entities 


pure entities, a$ vague and indeterminate as those of the scholastic 
philosophy of the Middle Age. The pretended, solutions that they 


_ Inpyision of yield are of the usual character of Metaphysical ex- 
'epothescs. — planations,—a mere reproduction, in abstract terms, of 
the statement of the phenomenon. The advance of chemical know- 


m are, 
» affinities are at; bottom 


statical point of view, chemis- 


VR and particular of all, their laws must be subject to those: 
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ledge which must at last discredit for ever such vain philosophy 
has as yet only modified it, so far as to disclose its radical futility. 
While affinities were regarded as absolute and invariable, there was 
at least something imposing in them; but since facts hav com» 
pelled the belief of their being variable according to a multitude of 
vireumstaifces, their use has only tended to prove, more and more, 
their utter inanity. Thus, for instance, it is known that at a certain 
temperature, iron decomposes water, or protoxide of hydrogen: and 
yet, it has heen since discovered that, under the influence of a higher “ 
temperature, hydrogen in its turn decomposes oxide of iron. What 
signifies, in this case, any order of affinity that we may ascribe to 
soiron and hydrogen with oxygen ? If we make the order vary with 
the temperature, we have a merely verbal, and therefore pretended 
explanation. Chemistry affords ùs now many such cases, apparently 
contradictory, independently of the long series of decisive considera- 
tions that have made us reject, absolute affinities, ie only ones, 
after aft; that have any scientific consistency whatever. The old 
habit is, however, 50 strong that even Berthollet, in the very work 
in which he ovérthrows the old doctrine of invariable or elective 
‘affinities, proposes vague affinities under many modifications. The 
strange doctrine of predisposing affinity is to be found in the work, 
among others, of the most rational of recent chemists, the illustrious 
Berzelius. When, for instance, water is decomposed by iron through 
the action of sulphuric acid, so as to disengage the hydrogen, this 
> etremarkable phenomenon 18 commonly attributed to the affinity of 
the sulphuric acid for the oxide of iron which ends to become 
formed. Now, can anything be imagined more metaphysical, or 
dor xadically- incomprehensible, than the sympathetic action of 
og enbstuncé upon another which does not yet exist, and the for- 
mf tion of the last by virtue of this mysterious affection ? The 
aes fluids of physicists are rational and satisfactory in comparison 
BEC h notions. These considerations justily the desire that 
Lm ne should have a sufficient training iñ mathematical, astro- 
Dun. and then in physical philosophy, which have already put 
EO e a ch chimerical researches within their own domain, and 
an end ie ma them speedily from the more complex parts of natural 
would discar It is only by having witnessed the purification in the 
philosophy.. um if chemists could realize it in their own: and 
SA A ach ye “complete positivity iw chemistry if metaphysics 
defer B attonómy or physics. “This, again, justifies the place 
R the sciences. The individual must 


ql H uud ong nt 
assigned to chemistry AMONG n in his pass: ie 
follow the general course of his race 1n his passage to the p 


state, He must find that true science consists, everywhere, in exact 
vlad established among observed facts, allowing the deduction 
emi anne BEN of secondary phenomena from the small- 
) t Reale number of original phenomena, putting aside all fain 
RUE into causes and essences. Aud this is the spirit which has 
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to be made preponderant in chemistry,—dissolviug for ever the \ 
metaphysical doctrine of affinities. Mw y 
The inferiority of chemistry to physics, in regard to method and 
+a  Actualim- — doctrine, explains its relative imperfection with regard 
perfection to actual science. We have only to compare with 
< the formula which told us what chemistry ought to be what it 
n&tually is, to see that it,is at an immense distance—much further 
than physics—from its true scientific aim. Chemical facts are at 
this day essentially incoherent, or, at best, feebly co-ordinated by i 
small number of partial and insufficient relations, instead of those 
certain, extended, and uniform laws of which physics is so justly 
proud. As for prevision, if it is imperfect in physics in conyparisone * 
with astronomy, it can hardly be said to exist in chemistry at all : 
the issue of each chemical event being usually known only by ` 
Specially consulting the immediate experiment, when, as it were,, 
the event is*ifteady accomplished. AB ee 
Imperfect as chemistry is, in regard to method and doctrine, it is ) 
Comparative yet superior to physiology, and still more, to social 
imperfection. science, not only because, from the comparative sim- 
plicity of its phenomena, the facts and investigations are clearer ~- 
and more decisive, but because it has a. few, though very few, real : 
theories, capable of affording complete previsions; a thing as yet io 
impracticable, except in a general manner, with living bodies, We 
shall have occasion to notice the theory of proportions, the equivalent: 
of which is not, in any sense, to be looked for in physiology. Wee" | 
must remember, while estimating the comparative imperfection of 
the sciences, that the importance to us of their perfection is in pro- 
portion to their simplicity; our available means being always found 
to correspond with our reasonable wants. I hope, too, that this 
‘severe estimate of the actual state of each science will stimulate 
rather than discourage the student ; for itis more eriitifying fo our 
human activity to conceive of the sciences as susceptible of vast, 
varied, and indefinite’ progress, than to suppose them perfect, and 
therefore stationary, except in their secondary developments. 


Lu 3 M 1 i i 
f This leads us to consider the funetion of Chemistry in the educa- 
tion of the human mind 


Tt may be said to train us in the great art of experimentation : 

^ Relation tou- not as being our exclusive teacher, for, as we have seen, 

man progress. physics ig superior to it in this: and it is more the 

art of observing than of experimenting that Chemistry is chiefly 
distinguished for. But there is an important part of the positive ` ; 
method which chemistry seems destined to carry to the hichest ep 
perfection. Ido not mean the theory of classifications, of which 


Art ofomen- chemists know too little at present; but the art of 
Ou rational nomenclatures, which is quite unconnected 
witt classifications. Since the reform in chemical language, attempts 


‘ave been incessantly made, to this hour, to form a systematic 


> 


»oif, in zoology, genera, © 


° oS chemical history + 
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nomenclature in anatomy, in pathology, and especially in zoology : 

but these endeavours have not had, and never can have, any success 

fo compare with that of the reformers of chemical language; for 

the. nature of the phenomena does not admit of it. It is “hot by 

accident that the chemical nomenclature is alone in its perfection. 
"The more complex phenomena are, and the more varied and less 

restricted the comparisons of objects, the more difficult it becomes 
to subject them to a stem of dénominations, at once rational and 
abridged, $0 as to fac A 


faci itate the habitual combination of ideas. It 
the organs and issu 


es of the living body differed only from one 
»oint of views if maladies were sufliciently defined by their seat ; 
r at least families could be established by a 
ation, the corresponding sciences might at 


homogeneous consider: 
once admit of systematic nomendlatures as rational and as efficacious 
ag that of Chemistry. But the diversity of aspects, rarely reducible 


to one head, renders such an arrangement extremay difficult and 
not aa advantageous. 

The case of chemistry is the only one in which, by its nature, the 
phenomena are simple, uniform, and determinate enough to allow 
of a rational nomenclature at once clear, rapid, and complete, so as 
to contrikjte to the general progress of the science. The idea of À 
composition, the great end of the science, is always preponderant. 
Thus, the systematic name of each body, expressing its composition 
indicates first a correct general view, and then, the sum of ats 
and, by the nature of the science, the more it ad- 
vances towards perfection, the more must this double property of the 
nomenclature be developed. Tn another view, dualism being the 

in chemistry, and the most essential, and 


commonest: constitution in € E 
that to which all other modes of composition are more and more 


referred by science, We see that the conditions of the problem are as 
favourable as possible 4o a rapid and expressive nomenclature. 


Thus, there has always been some system of nomenclature, more or 


less rough, though none to be compared to that so happily founded 
by. Guyton-Morveat. Though the art can manifest its excellence 
‘tion to the advance of chemistry, it is in such har- 

mony with the nature of the science that, in its present imperfect 
it, by provisionally supplying, as it were, the almost 

e rationality- Thus chemistry may be re- 
d to develop one of the few fundamental 
Sieaps, the aggregate of which constitutes the general power of the 
human mind. The formation of a similar aid in the more com- 
plex sciences offers a real and strong interest: and I have only 
desired to show that we must resort to chemistry for the true 
principles and general spirit of the art of nomenclature, 2ccording 
to the rules so often set forth 10 this work, that each great logical 
studied in the department of na ural 


artifice should be directly s! I i 
philosophy where it is found in the greatest perfection, that it may 


absolute deficiency of tru 
garded as specially adapte 


. 
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be afterwards applied in aid of the sciences to which it less specially ' 
belongs. 
The high philosophical properties of Chemistry are more striking 
<P State of chemi- in regard to doctrine than to method. However im- 
cal doctrine. perfect our chemical science is, its development has 
operated largely in the emancipation of the human mind.* Its oppo- 
sition to all theological philosophy is marked by the two general facts 
in which it has a share with all fhe rest of positive philosophy,— 
first, the prevision of phenomena, and next, our voluntary modifica- 
tion of them. We have already seen that the more the complexity 
of phenomena baffles our prevision, the greater becomes our power 
of modifying them, through the variety of resources afforded by thes‘ 
complexity itself ; so that the anti-theological influence of science is 
infallible, in the one way or the other. In chemistry, our modify- 
ing power is so strong that the greater part of chemical phenomena 
owe their existence to human intervention, by which alone circum- 
stances could be suitably arranged for their production: and if the 
phenomena of physiology and social science admit of modification 
in a yet greater degree, chemistry will always, in this particular, 
hold the first rank, since the highest order of modifications is that 
which we here find,—those which are most important for the 
amelioration of the condition of Man. In the system of the action 
of man upon nature, chemistry must ever be regarded as the chief 
source of power, though all the fundamental sciences participate in 


if more or less. oo? 


In this way, chemistry effectually discredits the notion of the rule 
of a providential will among its phenomena, Bub there is another 
way in which it acts no less strongly ; by abolishing the idea of 
destruction and creation in nature. Before anything was known of 
gaseous materials and products, many striking appearances must 
inevitably have inspired the idea of the real annihilation or próduc- 
tion of matter in the general system of nature. ‘These ideas could 
not yield to the true conception of decomposition: aud composition 
till we had decomposed air and water, and then analysed vegetable 
and animal substances, and then finished with the analysis of alka- 
lies and earths, thus exhibiting the fundamental principle of the 
indefinite perpetuity of matter. In vital phenomena, the chemical 
examination of not only the substances of liying bodies, but their 
functions,—imperfect as if yet is—must cast a strong light upon 
the economy of vital nature ‘by showing that no organic matter 
radically heterogeneous to inorganic matter can exist, and that 
vital transformations are subject, like-all others, to the universal 
laws of chemical phenomena. Chemical analysis seems to have 
lehitses function in this direction : henceforth it must be by the 
more, difficult, but more luminous method of synthesis that this 
ghey? philosophical revolution must be completed: and attempts 
enough have been successfully made to prove the possibility of it. 


T4 
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. The divisions of the science have not been clearly and permanently 
i settled, partly because of its very recent origin, and Divisions of 
partly on account of its nature. In the first place, the science. 
students have been more occupied in multiplying observations than 
in classifying them; and in the next,-the homogeneous character 
of chemicai phenoniena causes essential differences to be less pro- 
found, and therefore less marked, than in any other of the funda- 
mental sciences. In astronomy, there can be no question of a 
division into geometrical and mechanical phenomena. Physics is 
less a unique science than a group of almost isolated sciences ; and 
they indicate their own arrangement. We shall see hereafter that 
» nearly the same thing happens, though from a different cause, in 
physiology. But in chemistry, the conditions are less favourable, 
the distinctions being scarcely more marked than those which exist 
in a single department of physics,—as thermology, and yet more, 
electrology. The imperfection and small importancc.of its present; 
division are easily explained: and there are strong symptoms of 
an approaching discussion of this great subject; for the majority 
of eminent chemists are more or less dissatisfied with the provisional 
division which they have been hitherto obliged to accept as guidance 
in their labours. 

The general division of organic and inorganic chemistry cannot 
be sustained, on account of its evident irrationality. No organic 
What is at present called organic chemistry has an chemistry. 

° tessentially bastard character, half chemical, half physiological, and 
not, in fact, either the one or the other, as we shall have oceasion 
to see. The division cannot even be sustained under another form, 
as equivalent to the general distinction between cases of dualism 
and of other compdsition. For if inorganic combinations are usually 
binary, there are sóme which are composed of three elements and 

» even?of four? while, conversely, we very often meet with a true 
dualism in bodies which are called organic. For a genuine division 
we must look to general ideas relating to composition — Principles of 
and decomposition ; and in this form, attending to composition and 
the rule of following the gradual complication of decomposition. 

` phenomena: first, the growing ‘plurality of constituent principles 

(mediate or immediate), according as the combinations are binary, 

ternary, etc. ; and segondly, the higher or lower degree of. compost- 

tion of the immediate principles, each of which may (as in the case 

of a, continual dualism) be decomposable into two others, for a 

greater or smaller number of consecutive times. Though each of 

these two points of view is of high importance, the preponderance 
of the one or the other must be agreed upon before the rational 
division of chemistry can be organized. Though this is not the 
place to discuss this new question of high chemical philosophy, it 


may be:well to state that 1 regard it as Solved; and that the soù- 


sideration of the degree of composition is in my eyes evidently 
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superior.to that of the number of elements, inasmuch as it affects 
more profoundly the aim and spirit of chemical science, as they 
have been characterized in this chapter. As for the rest, whatever 
he décision may be, we may remark that the two classifications 
differ from each other much less than we might at first be tempted 
to suppose; for they necessarily concur, whether in the preliminary 
orin the final case, and diverge only in the intermediate parts. 

We have now reviewed the nature and spirit of chemical science ; 
the means of investigation proper to it; its true encyclopedical posi- 
tion ; the kind and degree of perfection of which it is susceptible ; 
its philosophical properties in regard to method and to doctrine ; 
and, finally, the mode of division which would be suitable to it. 
We must complete the survey of the science by a special and direct 
notice of the few essential doctrinés which have been disclosed by 
the spontaneous development of chemical philosophy. It must be 
remembered that the object of this work is not to present a treatise 
on each science, or to enlarge upon it in proportion to its proper 
importance, or the multiplicity of its facts: but to ascertain its 
relative importance, as one head of positive philosophy. No one 
will expect that chemical philosophy, in its present state, can be 
examined here as fully or satisfactorily as, for instance, astronomical 
philosophy, the perfection of which admits of a methodical analysis, 
clear and complete, though summary, such as befits that immutable 
type of natural philosophy. 


a v» 
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CHAPTER II. 


p INORGANIC CHEMISTRY. 


* Wuareven may be the principles of division and classification pre- 


ferred in the general system of chemical studies, it 1S —arode of begin- 

agreed by almost all chemists that the preliminary 7! the study. 

and fundamental study should be the successive and continuous 
history of all the simple bodies. ‘Lhe plan of M. Chevreul is an 
exception to this, his method beiug to proceed at once from the study 
of each element to all the combinations, binary, ternary, ctc., that 
it can form with those already examined ; confining himself, how- 
ever, to compounds of the first order. "his plan has the advantage 
that simple bodies are more completely known from the beginning 
than by the usual method, which scatters through the different parts 
of the science the most important chemical properties of each of 
them. But, on the other hand, the history of any element remains 


"incomplete; a factitious inequality is established among chemical 


researches into differént elementary substances ; and the didactic 
inconvenience which M. Chevreul proposed to escape seems to be 
unavoidable, under any method. ‘On no plan can any chemical 
history be completed by a first study. The provisional information 
obtained by a, first study must be followed by a revision which allows 
us to take into consideration the whole series of phenomena relative 
to each substance. ‘he question is merely a didactic one, only of 
secondary importance in this work, though ot great practical interest. 
On any scheme, it remains certain that the preliminary study of 
elementary substances is, by the nature of the science, the necessary 
foundation of chemical knowledge. 

On account of the considerable and always increasing number of 
substances regarded us simple, some modern philosophers, possessea 
with the notion of the simplicity and economy of Pturatity of 
nature, have concluded à priori that most substances «ements. 

d be the various compounds of a much smaller number of others. 
CUN ne to conceive of nature under the Rapi 
Potoa E ne must do so under the teaching 5" Eo aye 
nee Substituting for that instruction any Minen ess, 
honir of uS AU: have no right to presume before M l that 
e Ghent: ple substances must be either very small or :ery 
arse, emical research alone should settle this; and all that we 
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are entitled to say is that our minds are disposed to prefer the 

smaller number, even, if it were possible, so far as there being but 

two. But not the less are we bound to suppose all substances whicli 

Lave never in any way been decomposed to be simple, though we 

should not pronounce them to be for ever undecomposable. All. 
chemists now admit this rule as the first axiom of sound chemical- 
philosophy. 

Aristotle first saw thi§ rule, tlíough he did not conceive of its 
rational grounds. His doctrine of the four elements, popularly 
cried down in our time, should be judged of as the first attempt 
of the true philosophical spirit to conceive of the gomposition of 
natural bodies, amidst the then existing deficiency of all suitable, 
means of research. To appreciate it we must compare it with 
anterior notions. Now, up to thet time, all the schools, however 
they might differ about other things, agreed that there was only 
one elementaryesubstance ; and their dispute was about the choice 
of the principle. Aristotle, with his rational character of mud, put 
an end to all those barren controversies by establishing the plurality 
of elements. This immense progress must be considered the true 
origin of chemical science, which would be radically impossible on 
the supposition of a single element, excluding all idea of composi- 
tion and decomposition. Whatever appearances may bt, there is 
no doubt that it must be much more difficult for the human mind 
to pass from the absolute idea of unity of principle to the relative 


idea of plurality, than to rise gradually, by means of research, from» 


the four elements of Aristotle to the fifty-six simple bodies of our 
chemistry of this day. Our Naturists, who are all for simplicity 
and economy without caring much for reality, have no right to ap- 
peal to the authority of Aristotle, who had so much reverence for 
reality as to infringe the notion of simplicity which he found pre- 
vailing. ‘They should go back further than Aristote, —to Empe- 
docles or Heraclitus, and attain the utmost simplicity at once, by 
admitting only a single principle. re 

Other philosophers, among whom was Cuvier, have objected to 
the simplicity of most of the elements now admitted by chemists, 
that some of them seem to be extremely abundant in nature, while 
others are scantily and partially distributed: whereas, it seems 
natural to presume that the different elements must be almost, 
equally diffused throughout the globe, and that therefore chemical 
analysis will sooner or later prove the rare ones to be compound 
substances, requiring peculiar and rare influences for their formation. 
It would be enough to say that the presumption, though plausible, , 
is nothing more than a presumption: but it may be added that we 
know nothing of our planet beyond the upper strata; and we can’ 
form nd prejudgment of the composition of the whole. It would be 
to “uch to say that there should be an équality of elements on the 
surface, even the probability being the other way; for the heaviest 
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elements are the rarest at the surface, and the commonest are those 
which go to the composition of living bodies; aud the probability is 
strong that the preponderance is reversed in the interior of the 
globe, to make up the mean density, which is not to be founde, 
among the solids, liquids, and gases which are required for the 
existence of life. Thus the objection seems to be converted by 
chemical analysis into a sort of confirmation. 9 ie 

Since the time,—recent, it is tru&,—of the decomposition of the 
elements of Aristotle, there has not been a single instance of a sub- 
stance havifie passed from the class of simple to that of compound 
bodies, while the inverse case has been frequent. Yet, no chemist 

. disputes the possibility of a reduction of the elements by a more 
thorough analysis; for chemical simplicity, as it is to us, is a purely 
negative quality, not admitting of*those irreversible demonstrations 
proper to positive compositions and recompositions. | The great; 
general example of substances called organic, the chemical theory of 
which i9 so complex, notwithstanding the small number of their 
elements, might lead us to suppose that such a reduction would not 
be after all so very great an advantage: but in this case, the diffi- 
culty seems to me to be referrible to the deficiency of duality. 

Notwithstanding this example, we cannot but think that chemistry 
would become more rational and more systematic, if the elements 
were fewer, from the closer and more general relation which must 
then subsist among the different classes of phenomena. But the , 

s apparent perfection could be only barren and illusory if we were to 
assume it by conjecture anticipating the real progress of chemical 
analysis. o P 

This profusion of elements has naturally led to endeavours to 
classify them. Thehigh importance of the question Classification 
has become manifest through the deep persuasion of «ements. : 
that the ratiodal classification of simple bodies must determine 
that of compound substances, aud therefore that of the whole 
chemical system. The first principle to be laid down is that 
the hierarchy of elementary substances is nof to be determined 
only by their proper essential characters, but by the less direct 
consideration of the principal phenomena of the compounds which. 
they form. Without this requisition, the classification would 
have little use or interest; for it would be of small consequence in - 

“what conventional order we studied fifty-six bodies all independent 
of each other: whereas, with its proper condition, this question is 
as Important as any that chemical philosophy can present. 

The old division of the elements into the comburent and com- 
bustible (those which burn.in the active and in the neuter sense), 
and the subdiv ion of these into metallics and non-metallics, are 
evidently too artificial to be maintained, except provisionally." For 
many years, endeavours have been made to supersede it; but: nð 
irreversible classification has been yet obtained. M. Ampère seers 


to have been the first who pointed out the necessity; and he pro- 
VOL. I. R 
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posed a system in 1816; but it was not one which induced the 
chemists to abandon their ancient distribution, the binary structure 
of which made it easy of application, whatever might otherwise be 
«its défects. A few years after, Berzelius offered, in a simple and 
almost incidental form and manner, a far superior system of classi- 
fication. He first understood the necessity of rising “finally to a 
* wnique series, constituting, by a uniform and preponderant character, 
a true hierarchy ; whereas, M. Ampere saw only the importance of 
natural groups, which might be arbitrarily co-ordinated. Both con- 
ditions are imposed by the general theory of classifications; but 
that which Berzelius had chiefly in view is unquestionably superior to 


the other; and especially in the present case, when the small number « 


of objects to be classified renders the formation of groups a matter 
of secondary importance, provided the series be naturally ordained. 
M. Berzeliuss conception is grounded on the consideration of 
Classification © electro-chemical phenomena. Its simple and lucid 
of Berzdlius. principle is that, the elements are to be so diSposed as 
that each shall be electro-nezative to those which precede it, and elec- 
tro-positive to those which follow it. The series thus derived, appears, 
thus far, to be in conformity with the whole of the known properties 
of both the elements themselves and their principal compounds. It 
js too soon, however, to speak decisively of this: and, on the other 
. hand, the chemical preponderance of electric characters is by no 
means so logically established as to compel us to seek the bases of 


a natural classification in that order of phenomena. It must, i*. 


seems to me, be clearly proved, at the outset, that the point of 
departure is a real one,—that is, that a constanteorder of electriza- 
tion exists among the different elements, which is maintained under 
all conditions of exterior circumstances, of agefegation and decom- 
^ position : but, not only has this never been adequately undertaken, 
but there is some reason to apprehende that its sult would be 
opposite to the proposed principle. Whatever may be the issue 
of future labours, Berzelius has secured the eternal honour of 
having first exhibited the true nature of the problem, aud the 
aggregate of its principal conditions, and perhaps the order of ideas 
in which its solution is to be sought. Whenever this solution is 


obtained, chemistry will have made a great stride towards a truly . 


e rational state: for, under a hierarchy of the elements, the system- 


atic nomenclature of compound substances will almost suffice to ` 


give a first indication of the %eneral issue proper to each. chemical 


event ; or, at least, to restrict the uncertainty within narrow limits. 
Yet, through this very connection of such a research with the whole 


- of chemical studies, I do not think it can be efficaciously. pursued 


while ye separate it, as has hitherto been done, from the general 


question about the establishment of a gomplete system of aN 


& Premature classification for all bodies, simple and compound. 
effort. Now, this great question seems to me at present pre- 
mature. ‘The preliminary conditions, both of method and of doc- 
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trine, are, as we have seen, far from being completed. As such a 
general system of Classification must constitute both the summing 
up and the fundamental view of the whole of chemical philosophy, 
T shall further expand my idea about it in this place. y cA 
‘As for the method, it requires perfecting in two ways, for which 
chemists must resort to physiology. They must Requisite pre- 

understand the fundamental theory of natural classi- T 

fications, which can be obtained nowhere else: and method. 

they must, for the same reason, study in the same school the general 

spirit of dhe comparative method, of which chemists have very little 

idea, and without which they can never proceed properly in search 
sef a rational classification. "These two improvements must be de- 
rived from biological philosophy; the one to lay down the problem of 
chemical classification, and the other to undertake its solution. It 
will be by perceiving these harmonies and mutual applications 
among the sciences commonly treated as isolated anë independent, 
that, phifosophers in all departments will at length become aware 
of the reality and utility of the fundamental conception of this work ; 
the cultivation of the different branches of natural philosophy under 
< the impulsion and direction of a general system of positive phil- 
osophy, as.a common basis and uniform connection of all scientific 
labours. We have little idea what we lose by the narrow and 
irrational spirit-in which the different sciences are cultivated, and 
especially with regard to method. When the great scientific rela- 
© ations of the future shall be regularly organized, men will scarcely be 
able to imagine, otherwise than historically, that the study of nature 
could ever have been conceived and directed in any other way. 

‘As to the doctrine, we have seen that the desired classification 

cannot take place till we have settled the preponder- — , e 
. . s to doctrine. 

ance of the one or the other consideration,—the 

order Òf composition of the immediate principles, or their degree of 
plurality. Now, such a problem has not yet been rationally pro- 
posed. If we suppose it resolved, adopting tlie rule which I think 
almost incontestable, as I explained before, of treating the first 
point of view as necessarily superior to the second, we must still 
attend to two special conditions, before we can proceed to. the 
rational construction of the system of chemical substances. 

. By the first of these conditions, we must dismiss the irrational © 
distinction of substances into organic and. inorganic. 
We shall sce hereafter that organic chemistry must 
soon dissolve, parting with some of its questions to chemistry 
proper, and others to physiology. When any combination is sus- 
ceptible of a chemical examination, it must be subjected to a fixed 
order of homogeneous considerations, whatever may have len its 
origin and mode of concrete existence, with which chemistry. has 
nothing to do, unless as a. source of information. As long as iny 
classification must be adapted to the strange conception of a sort 


First condition. 
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of double chemistry, established upon a false division of substances, 
it must be precarious and artificial in its details, because it is viti- 
ated in principle. he evil is felt, as is shown more and more by 

othe téndency to refer organic combinations to the general laws of 
‘inorganic combinations: but it would not be enough, as might be 
supposed, that a distinguished chemist should take tlf initiative, 
fa a large and direct manner, to accomplish this important reform. 
Such a work demands a special ‘and difficult operation, requiring a 
delicate combination of the chemical and physiological point of 
view, in order to make a true division of what should Temain with 
chemistry, and what should return to physiology. e 


The second condition is closely connected with the first. — If. 


Second requires that all combinations should, if possible, be 
condition. submitted to the lw of dualism, erected into a con- 
stant and necessary principle of chemical philosophy. Great as 
would be suck’an improvement in the way of simplification of chemi- 
cal conceptions, it must, however, be admitted that it % not so 
indispensable to classification as the preceding. Without the first 
condition, rational classification would be impossible: whereas, it 
might take place, with imperfection and difficulty, without the 
second. As for the prospects of the case, the tendericy to improve- 
ment is as real and marked in the one case as the other ; as any 
one may observe for himself. : 
It is of the more importance to set the consideration of the order 


Method of Of composition of immediate principles above that. « 


analysis. — of their degree of plurality, asbefore proposed, because 
the first is, by its nature, clear and incontestable, while the other 
Chemical is always more or less obscure and dubious. T'he one 
dualism. — js in fact, the simple appreciation of an analytical 
^ or synthetical fact: the second has always a?certain hypothetical 
character, since we then pronounce upon dhe mode di agglomeration 
of elementary particles ; which is a thing radically inaccessible to 
us. Thus, for exanyple, a chemist may establish with certainty that 
such or such a salt is a compound of the second order, and that 
certain acids and alkalies are, on the contrary, of the first order ; 
for analysis and synthesis can demonstrate that each of the last 
bodies is composed of two elementary substances, and that, on the 
^ contrary, the immediate principles of-the salf are decomposable into 
two elements. But, in,another view, when the analysis of any 
substance has established the existence in it of three or four 
elements, as in the case of vegetable or animal matters, we cannot, 
without resort to hypothesis, pronounce that this combination is 
really ternary or quaternary, instead of being simply binary: for 
we car never assert that we could not, by a, preliminary analysis 
„less violent than this final one, resolve, the proposed substance into 
ty immediate principles of the first order, each of which should be 
further susceptible of a new binary decomposition. 
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Tf an unskilled chemist should at this day apply unduly strong 
means to the analysis of saltpetre, the results might authorize him; 
following our present erroneous procedure, to conceive of this 


substance as a ternary combination of oxygen, azote, and potassium », 


and yet we know that such a conclusion would be false, as the 
Substance may be easily reconstructed by a direct combination 
between nitric acid and potash, which might have been separated 
by a less disturbing analysis, without occasioning their decomposi- 
tion. How do we know that it may not be so with every combina- 
tion habitually classed as ternary or quaternary? Immediate 
analysis being ras yet so imperfect in comparison with elementary 
analysis, especially with regard to these substances, would it be 
rational to proclaim, for the time to come, its necessary and eternal 


impotence with regard to them’? Such judgments seem to be. 


founded on a confusion between these two kinds of analysis, so really 
different in themselves, and so characterized in their?operations by 
delieacy?in the one case and energy in the other.—One important 
consideration, relating to the synthetical point of view, is evidence 
of this confusion between the two analyses : and that is, the extreme 
difficulty, if not impossibility, of verifying by synthesis the ana- 
lytical results proper to these substances. We have seen that 
immediate synthesis is usually very easy, while elementary synthesis 
is scarcely practicable. Thus, reciprocally, it seems to me rational 
to suppose that when the recomposition cannot be effected, the 


Analysis has not been immediate,—there being no other objection 


to such a conclusion. For example, we exhibit the impossibility of 
reproducing by synthesis vegetable and animal substances: and 
this has been even set up as a sort of empirical principle. But is 
not this impossibility owing to our persisting in an elementary 
synthesis when we ought to proceed by an immediate synthesis, the‘ 
materials of which mightein many cases be discovered beforehand ? 
This remark is true with regard to a multitude of combinations the 
dualism of which is, however, very certain, wiih the sole difference 
that the immediate principles are better known. If we tried to 
recompose saltpetre by directly combining oxygen, azote, and 
potassium, we should succeed no better than in reproducing organic 


_snbstances by throwing together their three or four elements: the 


obstacles which we admit in the last case apply equally to the first.- 


The most striking achievement is that of M. Weehler, in producing 
the animal substance urea. He could not have done this if he had 
tried, according to the common prejudice, to combine directly oxy- 
gen, hydrogen, carbon, and azote, which concur in the elementary 
constitution of this substance, instead of uniting only its two imme- 
diate principles, til then unknown in this quality. Is there any 
reason to suppose that it is otherwise in any other case 2—It appears 
then that chemists will be safe in attributing an entire generality 
to the fundamental principle of the dualism of all combinatiolis, 
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under the one easy condition of regarding as still very imperfect the 
analysis of substances exceeding the binary composition; and 
especially the substances called organic, the true immediate prin- 
giples of which would thus remain to be discovered. These prin- 
ciples can be conceived of only by imagining a considerable number 
of new binary combinations, of the first and second ordérs, between 


“> oxygen, hydrogen, carbon, and azote: and the realization of this 


may seem, in the present state of our knowledge, almost impossible. 
But we have no right to conclude it to be so, while our analytical 
procedures are what they are; and there is no scientific objection 
to our supposing that there may be many more direct and binary 
combinations among the elements of ternary or quaternary sub- 
stances than chemistry has yet established. 

It must be observed, howevét, that universal and indefinite 
dualism cannot be maintained unléss chemists will scientifically 
determine the’sense of the word substance; that is, restrict it to 
mean real combination : for it would be easy to cite, and e®pecially 
in physiological chemistry, very marked cases of the defect of 
dualism. But we cannot regard as a true chemical substance an 
accidental assemblage of heterogeneous substances, whose agelomera- 
tion is evidently mechanical, such as sap, blood, a biliary calculus, 
etc., unless we confound the notion of dissolution, atid even of 
mixture, with that of combination. If we extend in this way the 
use of the term substance, so valuable in chemistry, we might: as 


well treat, as so many chemical substances, the waters of different: « 
» 


seas, different mineral waters, soils, etc.: amd even more, artificial 
mixtüres of a variety of salts dissolved together in water or alcohol. 
We shall see hereafter that all difficulties in this subject may be 
disposed of by our learning that they proceed fróm our not having 
‘clearly and rigorously separated the chemical fróm the physiological 
point of view. We may be assured that the móst elementary 
notions of chemical philosophy cannot be rationally established, in 
their due clearness, generality, and stability, without being founded 
on a full comparison with biology; a comparison which can be 
organized only under a complete system of positive philosophy. 
Meantime, there is a marked tendency in the present movement 
of chemical ideas, towards a complete dualism. ‘The increasing, 
assimilation attempted between organic and, inorganic substances 
is an indirect advance in, that road: but much more striking, in 
this view, are experiments like'those of M. Wæhler, which refer the 
most refractory compounds to dualism, either by analysis or synthe- 
sis, A binary formula is adopted, too, to represent the proportion 
of elements proper to the most complex substances: and, though 
this is pot a true dualism, it helps to prepare minds for the estab- 
lishment of a real and general one. The sum of what has been 


Saigon this important subject of chemical dualism is this:—the 


real mode of agglomeration of elementary particles is, and ever 
e cy 
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must be, unknown to us, and therefore no proper object of our 
study :—our positive researches being thus circumscribed, we may, 
rationally conceive of the émmediaté composition of any substance 
as binary; but so as to represent all the phenomena that chemistry 
can offer to us, in any future state of perfection. Thus, I do not 
propose universal dualism as a law of nature; for this we could 
never establish: but I declare it to be a fundamental artifice of, 
true chemical philosophy, destined to simplify our elementary con- 
ceptions, by using our optional intellectual liberty in accordance 
with the true end and aim of positive chemistry. 

These are the conditions necessary to the institution of a system 
„of natural classification, answering in chemistry to the universal 
hierarchy of living bodies in biology, if the complication of pheno- 
mena would admit of our obtainiag such a system. Up to this time, 
perhaps no one has formed an adequate idea of the nature and 
spirit of such an operation : but, in my view, chemical classification, | 
thus cenceived of, is the science itself, condensed into the most 
substantial summary. All I claim to have done is to have intro- 
duced into chemical science the special kind of philosophical spirit 
"which is naturally developed by biological science, as it has been 
conceived of. by all its great masters, from Aristotle downwards. 

It is because I have high expectations of what Chemistry will 
become, that I attach so much importance to the preceding discus- 
sion. "Phe science is now weak and desultory, notwithstanding its 

ə „rich collection of facts: but, extended and complex as it is, there is 
no fundamental science, except astronomy, whose phenomena are so 
homogéneous, ang therefore so fit for a true systematization, in the 
positive spirit. Now, this future constitution of chemical science 
must, it seems to me, consist in a complete system of natural classi- 
fication, which caunot be obtained till all combinations, whatever 

»  theiv origin, are subjected to a fixed order of homogeneous considera- 
tions, and, on the other hand, constantly referred to a fundamental 
dualism. d 

"We cannot form auy certain expectation.of the future condition 
of Chemistry from its present state: but, before proceeding to, 
examine the two doctrines which at this day approach nearest to 
positive rationality,—that of definite proportions and the electro- 
chemical theory,—1 will indicate two points of doctrine which seem, 
by their nature, to indicate with precision the true dogmatic forma- 
tion towards which the science, as 2 whüle must tend. ` 

„Witst, there is the great law of double saline decompositions, 
liecoverad by Berthollet, and completed by M. Zaw of double 
ulongs investigations on the reciprocal action of saline decom- 
soluble and insoluble salts. "The case of double solu- 2°00 
bility, considered by Berthollet, is this: two soluble salus, of any 
kind, mutually decompose each other whenever their reaction, ma: 
produce an insoluble salt, or one less soluble than either of the ‘two, 
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This theorem stands first among general propositions in chemistry, 
and is the only one which can as yet give an exact idea of what, in 
chemistry, constitutes a true law. It has all the characters of a law: 
it relates to the proper subject of chemical science ; it establishes a 
"relation between two classes of phenomena before independent ; and, 
above all, it admits of prevision of phenomena accordihg to their 
“= pasitive relations. In establishing this law, Berthollet escaped some 
metaphysical snares, rejécting hypotheses of affinities; but he fell 
into one when he attempted to explain the law which he had just 
discovered. No law can be explained otherwise than by showing 
that it enters into another, more general than itself: but this law of 
Berthollei's is alone of its kind; and it therefore admits of no « 
explanation. It may hereafter be attached to a fundamental theory 
of the reciprocal action of all comfounds of the second order; and 
such a relation will truly explain it; but at present it is simply a 
general fact which, inexplicable itself, serves to explain each of the 
particular facts which it comprehends. @ 

The influence of air and water in the production of chemical 

ey phenomena is another of the most perfect doctrines of 

tory of air - chemistry as it stands. The importance of the action 

«nd waters — ofairand water in the terrestrial economy has induced 
some German philosophers irrationally to set up the systeth of these 
two fluids into a sort of third reign, between the inorganic and the 
organic: but abstract chemistry has nothing to do with natural 
history, and regards the study of air and water from a differents. « 
point of view, while aware of its fundamental.importance. 

All chemical phenomena take place in the presence of air; and 
they almost invariably require the intervention of water: it is clear 
therefore that before we study any chemical rection, we must be 
able to analyse the participation of these two? fluids. Thus the 
chemical theory of air and water is a sort of necessary introduction 
to the system of chemistry, properly so called, as belonging more 
to method than to dootrine, and as immediately following the study 
of simple bodies. It is an historical fact that the double analysis of 
-air‘and water marked the first great advance in modern chemistry. 

The influence of the air, not Jess important than that of water in ` 

US chemical phenomena, was less difficult to characterize: 
è ; for the air is simply a mixture, and its chemical 
action is merely that of the gases which compose it, each of which 
acts as if if were isolated, Allowing for the diminution of intensity 
from its diffusion, and for the very few cases in which the accom- 
plishment of the proposed phenomenon determines the combination 
of the gases in an accessory way. Chemistry has only to analyse it, 
leaving all other study of it to the department of natural history. 
This analysis was effected in the early days of modern chemistry, 
except that there is still some uncertainty about the proportion of 
carbonic acid gas, and perhaps of some other more considerable 
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principles, as, for instance, hydrogen, the existence of which begins 
to be generally suspected. Though no appreciable change in the 
composition of the atmosphere has taken place within half a century, 
it is impossible to conceive that some alteration must not Happen, 
in some direction, in course of time, among the.many perturbing 
"influences^which act upon the mixture. Their antagonism, and 
that of vegetable and animal action, partly neutralizes them : but 
the equilibrium cannct be precise’and continuous. Geological con- 
siderations and botanical fossils lead us to suppose that at some 
remote.periods the composition of the air must have been sensibly 
different : and chemists themselves have actually established some 
` slight periodical variations, dependent on the proportion of carbonic 
acid at different seasons. Our analytical resources are, however, 
very imperfect with regard to the accessory principles of the atmos- 
phere; for chemists can ascertain nothing of the distinctions which 
are proved to exist in the best-marked localities, by their influences 
on livi®g beings. The study of these variations, all-important in 
its way,—even as possibly indicating the limits of human life iu a 
remote future,—belongs to natural history; and that is probably 
ihe reason why chemists trouble themselves so little about it: and 
if there is neglect, it should be charged upon the naturalists. — It 
is true that a preparation is required for their order of study, like 
all others,—a provision of knowledge, rising from physiology to 
astronomy itself: but the research is not especially a matter of 
° ..schemical duty. à 
. The study of waterrequires much more extended and complex 
researches than that of the air; and it is indispen- TI 
sable to the general system of chemical science: for i 
water being a real combination, and perhaps the most perfect known 
to us, may exercise chemical effects proper to itself, independently 
of those attribütable to it» elements, and apart from its importance as 
a solvent, —to say nothing of it asa simple mixture. ‘Thus there are 
three aspects under which water must be considered by chemists, 
all distinct and all essential ; and the appreciation of them has been 
slow and difficult, if even we may say that this fundamental examina- 
tion is yet complete. 

The analysis of water, represented by a quantity of hydrogen 
double in volume that of oxygen, and unquestionably confirmed by 
synthesis, is the finest of the early discoveries of modern chemistry, 
not only from the light it casts upon the whole of chemical pheno- 
mena and the general economy of nature, but also from its conquest 
of prodigious difficulties, In regard to the first view, chemical 
science leaves nothing to desire. Yet, a notion has arisen, in recent 
times, of the existence of a new and more highly oxygenated com- ` 
bination between the two elements of water, which may raise some 
interesting questions, not about the irreversible composition of water, 
but about the kind of chemical influence which is taken for granied 
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in its decomposition and recomposition in a multitude of phenomena ; 
and especially, about the true mode of union of oxygen and hydro- 
gen in all substances, and above all in liquids, which cannot be 
gbtainéd without water. Some doubts have lately been proposed 
about this, which seem to me to deserve mature examination. 
. The dissolving action of water has been the subject*of a long: 
“series of laborious researches, much less difficult, and not far from 
complete. Yet more attention oüght to be paid than is paid to the 
fine experiment of Vauquelin, in which it is shown that water, satu- 
rated with one salt, remains capable of receiving another, and even 
acquires by that the singular property of dissolving a-new quantity 
of the first. This experiment, which has been in a manner despised, . 
seems to me of the first order in its way, and a fit basis of a series 
of interesting researches about tlfe apparently capricious laws of 
solubility, the study of which is yet essentially empirical. ; 
Chemists wére long in conceiving that water, besides being a 
solvent, might act in a really chemical manner, otherwise éhan by 
its elements. It seemed as if a combination so eminently neuter 
must be inoffensive, aud inoperative, except by its decomposition. 
It was Proust who thought that this neutrality itself afforded a 
presumption of certain chemical affections, independently of its com- 
position. This was the rational consideration which léd him to 
create the important study of the hydrates, regarded as a sort of new 
salts, in which water plays the part, with regard to the alkalies, of a 
kind of hydric acid. £s 
The examination of these combinations, and of all others that 
water can form with any substances without being decomposed, 
constitutes the third and last part of the fundamental study of water, 
regarded as an indispensable preliminary to thé general system of: 
Chemical studies. i 
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4 CHAPTER IIl. 


^ DOCTRINE OF DEFINITE PROPORTIONS, 
D 


` o THERE are two general doctrines in chemistry, as it now exists, 


DE 


which present a systematic appearance, and invest the science with 
such rationality as if has attainéd. The first of these is the impor- 
tant doctrine o£ Definite Proportions. 

Even if this doctrine were complete, it could exert only 
a secofdary influence on the solution of the great Scope of the 
problem of the science,—the study of the laws of docina 
ihe phenomena of composition and decomposition. The essential 
question is, what separations and new combinations must take 
place under determinate circumstances; and the theory of de- 
finite proportions affords no assistance to this kind of prevision. 
Tt proceeds, indeed, on the supposition that the question 1s "already 
solved; and that it is to be taken as the point of departure for the 
estimate of each of the new products,—of their quantity and the 
proportion of their elements. ‘Thus, the theory of definite propor- 
tions presents the singular scientific character of rendering rational, 
inits numerical details, a. solution which usually remains empirical 
in its most important aspect. 

Tt was natural that the founders of modern chemistry showd 
havé attended to the laws of composition and decomposition, in pre- 
ference to a study which they regarded as subordinate ; and it was 
natural also that, as the advance of science disclosed to them the vast 
difficulties of the main problem, they should attend more and more 
to the secondary study, which promised an easier and more speedy 
success, But the most important office of this subordinate theory,— 
that of supplying the deféct of immediate experiment,—can be but 
very imperfectly fulfilled, while it is regarded apart from the 
principal theory; and thus, the doctrine of definite proportions 
will.never acquire its full scientific value till it is connected with 
an unquestionable basis of chemical laws, of which it will be the 
indispensable numerical complement. d 

Meanwhile, however, it affords a real, though secondary assist- 
ance to chemists»in rendering their analyses more easy and more 
Tosicall Moreover, it restricts the number of cases of combination 
ogically possible, by exhibiting the very small number of distifict 
proportions; and by thus diminishing ihe uncertainty in casts of 
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chemical action, it is, in fact, a natural preliminary to the establish- 
ment of those chemical laws to which it will be, under another view, 
a necessary supplement. . 

In regard to doctrine, this theory offers a perfect type of the 
precise kind of rationality which must hereafter 
belong to Chemistry as a whole. In fegard to: 
^ sethod, the inquirers who have devoted themselves to establish the 
theory have advanced chemical science while appear- 
ing to diverge from it; simplifying-the vast problem 
which their successors will solve, and. preparing for the "disclosure 
of the great laws of composition and decomposition,avhich would 


„As to doctrine. 


As to method. 


be undiscoverable amidst the infinity of products, if substances could _, 


combine, within certain limits, in all imaginable proportions. Such | 
are the claims of this theory, as to &octrine and to method. 

Tt assumed its existence and present’ form during the first quarter 
c? this century: and it arose from a phenomenon 
discovered by Richter, and a speculative disoussion 
established by Berthollet.—During the latter half of the last century, 
several chemists had observed that, in the mutual decomposition of 
two neutral salts, the two new salts thus formed are always equally 
neuter. Bergmann, among others, had steadily and specially dwelt 
upon this. Yet the fact was neglected or underrated tili*Richter, 
at the end of the century, generalized the observation, saw what 
it imported, and derived from it the fundamental law which bears 


^ Its history. 


Ties taw. quantities of the dillerent alkalies requisite to neutral- 


ize a given weight of any acid are always proportionate to those 
required for the neutralization of the same weight of every other 
acid. his is, in fact, evidently the immediate consequence of the 
maintenance of neutrality after the double decomposition. Such a 
transformation would appear almost spontaneous if fi relatedto a 
simpler and more developed science than Chemistry ; but, amidst 
its complications and the imperfection of our intellectual habits, 
the closest deductions are difficult if they have any character of 
generality, and therefore’ of abstraction; and this achievement of 
Richters is, in consequence, eminently meritorious, on other 
grounds than its high utility.—His law, with the complements it 
bas since received, is the original basis of the general doctrine of 
definite proportions. It exhibited, in the case of a considerable 
number of compounds, the great end of this doctrine; viz., the 
assignment to every substance of a certain chemical coefficient, 
invariable and specific, indicating the proportions in which it can 
combine with each of those that have been similarly characterized. 
When it, had been determined, by a double series of trials, what 
was the numerical composition of all the salts that may be formed 
by any one acid with the different alkalies, and any one alkali with 
the different acids, Richter’s Jaw enabled us to deduce immedi- 


r 
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his name. The law is this: that.the ponderable 2. « 
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ately the proportions relating to all the compounds that can 
result from the binary combination of these two orders of sub- 
stances. Richter himself brought his discovery up to this result, 
and prepared (but on a basis of experiment too narrow ayl 
imperfect) the first table of what were afterwards called chemical 
* equivalents. 

These neutral salts constituted a particular case, which conl&-- 
hardly have led on to a generat theory of definite — Berthottet’s 
proportions. ‘The idea of perfect neutralization must —_ extension. 
probably, dt all times, have suggested to chemists that of a single 
proportion, om either side of which the neutrality must be destroyed ; 


- and thus the neutral salts were a natural first stage of the general 


theory; but they could not in themselves involve such a theory. 
Tt was Berthollet who extended: the consideration of proportions to 
the whole of chemical phenomena. Some years after Richter's dis- 
covery, he established as a fundamental principle, i. his ‘Chemical 
Staticsy the necessary existence of definite proportions for certain 
compounds of all orders; and he assigned the essential conditions 
of this characteristic property, which he attributed to all causes 
which can release the product of chemical reaction, as it forms, 
from the ulterior influence of the primitive agents. He thus added 
to Richter’s restricted case the idea of a great number of cases sub- 
jected to the same principle, and able to lead on to its entire 
generalization. It is assigning much too little honour to Berthollet 


©. ado recognize only the influence of his controversy with Proust, 


eminent as was the service rendered by Proust in that conflict, 
in establishing directly the general principle of determinate and 
invariable proportions. 

Such was the double origin, experimental and speculative, of 
numerical chemisiry. "The next development had also a doubie 
character, arising from the harmony between the con- — palton's further 
ception of Dr Dalton and the experimental researches evtension. 
of Berzelius, Gay-Lussac, and Wollaston. » The inquiry was in a 
nascent state when Dalton’s philosophic mind discerned its possible 
generality. He proposed the great Atomic theory, under which 
the doctrine of definite proportions was developed to 
the whole extent that it has reached, and which 

, Serves as the basis qf its daily application. The general principle 
/of the theory is this: all elementary bodies are conceived of as 
formed, of individual atoms, the differént species of which unite, 
generally by twos, in a small number of groups, constituting com- 
pound atoms of the first order, always mechanically indivisible, but 
thenceforth chemically divisible, and, in their turn, constituting all 
the other orders af composition by a series of analogous combina- 
tions. The principle is in such harmony with scientific conceptions 
in all departments, that it appeared like a happy generalization 
of the most familiar ideas of scientific men in every provinc? of 


Atomic theory. 
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natural philosophy; and its universal and immediate admission 
took place as a matter of course. 

^ Th was observed by Berzelius that the deduction of the existence 
of defihite proportions from this principle would be illusory if the 
combinations were not restricted to a very small number of atoms: 
for otherwise,—if the number was, though limited, very great, — 
whe binary assemblages would be so multiplied that we might as 
well have combinations in any proportions whatever; and then the 
atomie theory might almost equally well represent the opposite 
doctrines of definite and indefinite proportions. Dalton was well 
aware of this; and the restrictions that he enunciated were presently 
declared too narrow by his successors, who found that they would, 
not comprehend all existing combinations. His assertion was, that, 
in every combination, one of the infmediate principles always enters 
for a single atom, and the other generally for a single atom also, 
and always for & very small number, rarély exceeding six. Taken 
with the expansion proposed by his successors, the atomic €oncep- 
tion evidently represents the entire doctrine of definite proportions. 
But it is the theory of- successive multiples, derived from the 
primary doctrine, which especially distinguishes Dr Dalton’s in- 
fluence upon numerical chemistry. From the ground of, his doc- 
trine he easily saw that if two substances can combine in various 
distinct proportions, the ponderable quantities of the one which 
correspond, in the different compounds, to the same weight in the 


other, must naturally follow the series of whole numbers, since these * . 


compounds will have resulted from the union of one atom of the 
second substance with one, two, three, etc, of the first; and: this , 
constitutes a principal element, then perceived for the first time, of 
the theory of chemical proportions. ? 

? Berzelius followed, with his vast experimental Study of the whole 
Rrtensionvy of the important points eoncerned Ja numotical 
Berzelius. chemistry, the different parts of which: he has done 

more than any other chemist to develop and systematize. THe 

firs perfected Richter’s law, so as to connect it closely with the 
atomic theory; by which it became susceptible of the extension 
given to it by Berzelius himself, to all compounds of the second 
order. But the most important new knowledge has arisen from his 
numerical study of compounds of the first order. By comparing 
the composition of the metallic sulphurets and that of the corre- 
sponding oxides, he discovered a law, analogous to Richters in 
regard to the salts. "This law,—that the quantity, of sulphur of 
the first is always proportionate to the quantity of oxygen com- 
bined with a like weight of the base in the second, —is now 
regarded, by induction, as applicable to all the compounds of the 
first order to which the same degree of chemical neutrality is 
aicnable. And again, the luminous series of the analyses of 
Beréelius have precisely verified in another direction the law of 
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successive multiples discovered by Dalton in pursuance of his atomic 
theory. 

Gay-Lussac followed, with the valuable numerical analyses he 
effected by having recourse to gaseous combinations,  Zztenswn by 1 
considered, not as to weight, but to volume. He Gay-Lussac. ` 


* thus not only verified, in a special manner, the general principle of 


» with a precision often compar 


definite proportions, but presented it under a new aspect, which, dy, 
a wise induction, comprehends ali possible. cases,—showing that all 
bodies in a gaseous state combine in invariable and simple numeri- 
cal relations of volume. An accessory advantage of this achieve- 
ment was that the specific gravity of the gases might be obtained 
able to that of experimental estimate. 
It is necessary, however, to warn inquirers not to be led away, in their 
application of the theory of voluines to substances which have never 
been vaporized, from the point of view which in Gay-Lussac's 
application is equivalent to Dalton's, as adopted by Berzelius. 
"Thezlabours of Wollaston bore a great part in establishing the 
doctrine of definite proportions. I do not refer  wollastows 
chiefly to his transformation of the atomic theory into verification. 
that of chemical equivalents, though it has a more positive character, 
and tends to restrain the student from wandering after inaccessible 
objects, t which the first might tempt him, if not judiciously 
directed. The substitution would be of high value, no doubt, if it 
were not less a change of conception than an artifice of language. 


“Nor have I in view the, ingenious expedients by which Wollaston 


popularized numerical chemistry by rendering its use more clear 
and convenient. » A greater service, in our present, view, was his 
furnishing us with the indispensable complement of Richter's dis- 
covery, by establishing the theory in regard to the acid salts, since 
extended by analogy to the alkaline salts. The case of the acid 
salis*was perlinps the most unfavourable possible for the ascertain- 
ment of the principle of invariable proportions. Wollaston effected 
the proof in the most satisfactory manner; and this special ĉon- 
firmation of the principle is considered, from its nature, the most 
decisive of all. 

Such has been the logical and historical progress of the researches 
which have constituted numerical chemistry as it is now. We can 
represent; by an inyariable number, appropriated to each of ihe 
different; elementary bodies, their fundamental relations of chemical 
equivalence, whence, by very simple formulas, immediately'express- 
ing the laws just indicated, we easily pass to the numerical composi- 
tion proper to each combination. No further evidence of the trath 
of the doctrine is needed, than the fact of so many illustrious 
inquirers having attained the same view by ways which each one 
opened for himself, and all agreeing as to its positive application to 
all cases of importance, differing only as to the mode of expression 
of the results, in as far as the atomic theory left it indeterminate, 
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and therefore optional. But we must glance at the difficulties 
thrown in the way of its application by a consideration of the 
aggregate of chemical phenomena, in order to form a clear idea of 
the final improvement of which this doctrine yet stands in need. 
^ Among the points which are beyond dispute, it is, first, evident, 
Ure appe and no chemist has ever doubted it, that substances « 
sation of Numeri- differ as much in the proportion as in the nature of 
cal Chemistry. {heir constituent principles. It is an axiom of 
chemical philosophy that any change whatever in the numerical 
composition causes a change in the whole of the specific properties, 
in a more marked degree as the alteration is greater... Varied and 
gradual above all others as are the proportions produced by the 
chemical phenomena proper to living bodies, they afford a striking” 
confirmation to this universal macim. ‘Therefore, in the lowest 
stages ‘of chemical analysis, chemists’ have always endeavoured to 
assign, as a characteristic property, the proportion of the elements 
of each substance, as far as was possible: and when this was omitted, 
it was on the understanding that the proposed combination admitted 
of only a certain proportion ; as in the case of the neutral salts. 

Again, it has long been acknowledged that there always exists, 
between any tivo substances, a certain minimum and maximum of 
reciprocal saturation, beyond or short of which all coffibination 
becomes impossible. At the utmost, certain variations, themselves 
restricted, have been supposed procurable, Berthollet established, 
more directly than any one else, the general and necessary existence - , < 
of these limits of combination,—one of the, priucipal characters 
which distinguish it from simple mixture. It is clear that the two 
extreme degrees of all combination must be subject to special and 
invariable proportions : and, as all agree in this, al argument about 
the opposite doctrines of indefinite and definite proportions is 
reduced to the question whether the passage from tho minimum to G 
the maximum of saturation can be effected gradually and almost 
imperceptibly, or whether it takes place always abruptly, through a 
small number of well-marked degrees. 

Thirdly, the possibility and actual existence of intermediary 
definite proportions are admitted by all chemists, who can have no: 
other dispute than about the greater or smaller generality of such 
a, property. We have seen that the idea of neutrality must, sooner 
or later, bring after it that of a determinate and unchangeable 
proportion; and the grad&al development of chemical knowledge 
has extended this character to more and more varied cases. Berthoilet 
disclosed several other causes of definite proportions, which were 
entirely misconceived before his time, and which may meet in almost 
anl combinations, modifying certain circumstances of the phenomenon. 

The precise question now 1s, therefore, whether, besides these deter- ~ 
minate compounds, subject to fixed próportions, within the two 
mits of possible combination, there does or does not exist, in 
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general, a continuous series of other intermediate compounds of a 
less marked character; in a word, whether definite proportion con 
stitutes the rule, as is now generally supposed, or, as Berthollet 
endeavoured to establish, the exception. This is now thé oulye 
dispute. It is no derogation from the interest of the doctrine of 
‘definite proportions to say, as some preceding considerations compel 
us to do, that the decision of this disputed point is not of thé 
importance commonly supposed.” The doctrine has tended to 
simplify the general problem of chemistry ; but it must not be sup- 
posed that? the solution would have been impossible without this 
aid:—it wouhl have been simply more difficult and less precise. 
he eminent chemists who concurred in establishing the doctrine 
were naturally engrossed by that labour ; but their successors, who 
find numerical chemistry constithted to their hand, must beware 
of losing sight in it of the true scientific aim of chemistry. ‘They 
must not linger in this vestibule of the science, to the neglect of 
the dire&t construction of Chemistry itself,—an enterprise scarcely 
begun, and to which it is high time that attention should be once ' 
more fully directed. x 

Tf we inquire, as we must do, how far the doctrine of definite 
proportions, is irrevocably'established, we shall bear in mind that 
the founders of numerical chemistry have accomplished that chief 
part which depends on an investigation of all known compounds, 
leaving only the question whether the doctrine is compatible with 


< gertain chemical phenomena, neglected during its formation, and 


remaining to be since referred to it. j 

The first general objection relates to the important phenomenon 
of dissolution, evidently possible in an infinity of dif- — opcion of 
ferent proportions. "It must be acknowledged that the dissolution. — 
distinctions between the state of dissolution and that of combination, 
by which the difficulty has been met, afford little satisfaction. In 
my opinion the only effectual reply must consist in the extension of 
the principle of definite proportions to the pheriomena of dissolution ; 
and, difficult as it may be to do it, it does not seem to me impossible. 
The way is by the use of an hypothesis already proposed for other 
cases in which it might appear less admissible. All the successive 
degrees of concentration of the liquid must be regarded as simple 
mixtures of the smal! number of definite dissolutions which shall” 


' have been established, either between thgmselves or with the dis- 


solvent, in the manner of habitual mixtures of water with alcohol, 
with sulphuric acid, etc. In any case, the positive verification of 
this hypothesis must be extremely delicate. Furthermore, to render 

the study of dissolutions fully rational, in this point of view, it is ` 
necessary to combine with it that of other analogous chemical 
phenomena, relating to the absorption of gases by liquids or by, 
porous solids. All these different modes’ of molecular union are 


. often energetic enough to resist influences able to destroy certain 
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combinations, properly so called: why should they not be, like them, 

subject to the rule of definite proportions, if that rule is truly a 

fundamental law of nature ? 

^ tPhé next case, that of various metallic alloys, is very extensive, 
Of metalic though more particular. The difficulty lies in the 


zu alloys. question whether these are cases of combination or of 


“Saixture. The state of combination has been taken for granted in’ 


the case of alloys; whereas the general application of the principle 
of numerical chemistry requires that they should be mixtures; 
while, again, it is difficult to conceive of such a mixture of solids 
as could resist perturbing influences which would appear to be 
necessarily destructive; as great changes of temperature, the in- 
fluence of crystallization, etc. ‘The question can be decided only by 
a series of special experiments, dévised to find the general limits 
of the permanence of unquestionable mixtures; and the results 
might be extended to other questions of numerical chemistry, as of 
certain oxides, on which explanations have been hazarded tco freely. 
"When a true chemical theory of mixtures is established on a proper 
basis of experiment, and we leave off referring to an hypothesis of 


mixture all cases in which combination seems susceptible of an , 


indeterminate proportion, in order to bring them under the law of 
definite proportions, we shall get rid of a formidable objection to the 
principle of numerical chemistry. 
The remaining case constitutes the greatest obstacle of all in the 
Of organic way of the generalization of the law of definite pro- 
substances. portions: and if it cannot bè surmounted, the law 
sinks to the rank of an empirical rule, fit for nothing more than 
facilitating a certain order of chemical analyses. . I refer to the class, 
anomalous in this view, of substances called organic. And this is 
the effect, in fact, of the declaration of the chemists of our time, 
that organic substances do not come under the principle of definite 
proportions. It amounts to saying that the Jaw rules all the 
elements, except oxygen, hydrogen, carbon, and azote. The division 
between inorganic and organic chemistry is merely scholastic ; for 
all chemistry is, by its nature, homogeneous,—that is, inorganic, 
And thus, if we admit of the enormous exception of the numerical 
composition of so-called organic substances, the doctrine of definite 
“proportions is overthrown as a rational theory: As it evidently can- 
not be founded on any à oriori considerations, it is only by a strict 
generality that it can become a rational theory. 2g 
Tf we could not hold at once the grand principle of the dualism 
m. geneous character, and the doctrine of definite pro- 
of dualism. portions, I should not hesitate tu sacrifice the latter : 
for it is more important for chemical „progress to grasp the great 
principle of systematic dualism, than to advance our investigations 
by the use of the numerical rule. But there is not, in fact, any 


which pervades chemistry, and constitutes its homo- - 
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incompatibility between these two means of progress: and such a 
brief.sketch of my conception on this subject as my limits allow 
may show how the doctrine of definite proportions can be duly gen- 
eralized only by discarding organic chemistry as a separate" body, 
of doctrine, and extending the principle of dualism to all organic 
compounds? 

Tf we are to include all organic compounds under one uniform 
system of chemistry, properly so ealled, we must refer to physi- 
ology, vegetable and animal, the study of the numerous secondary 
substances Which owe their transient and variable existence to the 
development cf vital phenomena, and which have no scientific 
interest except under the head of biology. We shall see, under 
that head, hereafter, what the precise classification is ; and all that 
we have to do with it now is t6 show that it proceeds from the 
fundamental distinction between the state of death and that of life. 
The second, and most extended class of organic substances is chiefly 
compose@l of mixtures which, as such, admit of all imaginable pro- 
portions, within the limits of vital conditions. As for the substances 
which exhibit real combinations, we must conceive of them as sub- 
ject to the law of definite proportions ; but the complexity, and yet 
more the instability of such compounds will probably for ever forbid 
their being successfully studied under the numerical point of view, 
which is indeed of very inferior interest in biology.—Even after 
this clearing of the field, we could not accomplish the desired 
- generalization if we had not taken a new stand with regard to the 

ternary and quaternary: substances contemplated by ordinary chem- 
istry. The rigorous dualism which I have before, and in a higher 
view, shown to be necessary, seems to supply, naturally and finally, 
the needs of the do&irine of definite proportions. 

As long as chemists persist in regarding organic combinations as 
ternary and qifternary,—cthat is, in confounding their elementary 
with an immediate analysis ;—while oxygen, hydrogen, carbon, and 
azote are regarded as immediately united, the compounds from them 
which must be recognized as distinct, after the severest sifting, will 
be enough to constitute an invincible objection to the principle of 
a numerical chemistty. But if they become binary compounds of 
the second, or at most the third order, whose principles are formed 
by the direct and binary combination of those three or four elements,” 
we find ourselves able to represent all the actual numerical varieties 
established by an elementary analysis, conceiving, for each degree 
of combination,,a very small number of distinct and entirely defi- 
nite proportions—In the ternary case,—appropriate to compounds 
of a vegetable origin, their three elements may be united in three 
kinds of binary combinations. Combining these again, till em- 
ploying at once oxygen, hydrogen, and carbon, we have three prin- 
cipal classes of compounds of the second order. But then again; 
each term of the new compounds really corresponds to two distinct 
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substances: and thus, while admitting only one proportion for the 
binary composition of these bodies, we have already provided for 
the numerical composition of twelve substances at present called 
ternaty. But, further, we are compelled to suppose at least three 


different proportions for each binary combination: one producing 


y 


perfect neutralization, and the other two the extreme limits of the 


“yeciprocal saturation: and chemical analogies indicate a much 


Jarger number of compounds. ` Putting those aside, we have thirty- 
six compounds, without going beyond the second order, by the 
known combination of three elements on the principle of dualism. 
We are also entitled now to conceive of a third possible combina- 
tion between oxygen and carbon, or between carbon and hydrogen. « 
etc., which already furnish two, after being long supposed to admit 
of only one. Hence, and in view of all these considerations, we 
may be assured that by dualism we might completely and naturally 
subject to the faw of definite proportions eighty-one compounds of 
the second order, formed from oxygen, hydrogen, and carbon; and 
this would unquestionably more than suffice to, represent the ele- 
mentary analysis of all distinct substances in the range of vegetable 
‘chemistry. : 

Passing on to the quaternary case,—characterizing what is called 
Animal Chemistry,—it seems as if the principal class of compounds 
of the second order must be more numerous than in the ternary 
case: but the indispensable condition of employing all the four 
elements at once restricts the classes to three. But when we ex- 
amine the terms of the secondary compounds, we find that while 
two represent only one compound each, a third represents five. 
Thus, the three pairs of compounds yield fourteen of one proportion, 
and forty-two of the three proportions indicatéd in the last case. 
But applying, at each degree, the rational rule of a triple binary 
combination, without stopping at the inevitable gaps'of our existing 
chemistry, we find ourselves in possession of ninty-nine compounds 
of the second order, row regarded as quaternary. ‘This is probably 


a larger number than a rational analysis of animal substances will 


be found to require. Moreover, as animal substances have undergone 
a greater degree of vital elaboration than vegetable matters, it would 
be philosophical to admit, with respect to them, the possibility of a 
‘higher order of composition, such as physiological combinations must 
eminently tend to realize, On such an hypothesis, without going 
beyond the third order, we might obtain ten thousand pexfectly 
distinct compounds from these four elements, all formed by an 
invariable dualism, and strictly subject to the law of definite pro- 
portions. It is true, nature would not permit the realization of 
more than a small part of these speculative combinations; but I 
have pursued the consequences of my conception to this extreme 
ideal limit, to show how abundant are the rational resources supplied 
by this new theory for the generalization of the laws of numerical 


id 


APPLICATION OF-THE PRINCIPLE. 277 


chemistry. If this view is not followed up, or some equivalent one 
proposed, it is evident that we must give up the doctrine of definite 
proportions as a law of natural philosophy, and return to Berthollet’s 
` theory, merely enlarging the cases of fixed proportions which hg 
admitted. In the present state of the question there is no other 
choice. But my theory having been, not instituted for this desti- 
nation, but naturally arrived at by another way, and with higha: 
views, and proceeding from established principles, to meet the needs 
of chemical philosophy, seems to me to be presumptively entitled to 
a future, and perhaps speedy realization. i 5 
This account of the present aspects of the doctrine of definite 
. proportions will enable any one to judge of its real progress from 
is institution to this day ; of the conditions which mist be fulfilled 
before its principle can be converted into a great law of nature; and 
of the rational course which alone can leap to such a final constitution 
of numerical chemistry. 
9 


‘CHAPTER IV. 


THE ELECTRO-CHEMICAL THEORY, t L 
2 


From the beginning of modern chemistry, the chemical influence * 


Relation of of electricity manifested itself unequivocally in many 


Electricity to important phenoméha, and above all, in the grand . 


Chemistry: ^ experiment of the recomposition of water by the direct 
combination ot oxygen with hydrogen, effected by the aid of the 
electric spark. But the special attention of chemists Was nof 
strongly drawn towards this agency till Volta's immortal discovery 
disclosed its principal energy, in rendering the electric action at 
once more complete, more profound, and more continuous. Since 


that time, various series of general phenomena have taught us that | 


electricity is a chemical agent more universal and irresistible than 
heat itself, both for decomposition and combination. The danger 
now is of exaggerating the relation it bears to the general system of 


chemical science. "Though chemistry is united to physics by this * 


agency more than by any other, it must yet le remembered that the 
two sciences are distinct, and that there should be no confounding 
of chemical with electrical properties. In ordey to ascertain with 
preóision what are the relations of chemistry with electrology, we 
must briefly review the gradation of ideas which have led up to the 
present electro-chemical theory, as systemfatized by Berzelius.“ 
The first important chemical effect of the voltaic influence was 
History of the decomposition of water, established by Nicholson 
_ eB in 1801. It was a necessary result of examination 
into the action of the pile, without any chemical intention. If 
Wicholson’s confirmed a truth before well known: but it had a 
Hoga y high chemical value, as revealing the chemical energy 
'of the instrument; and it thus constituted: the starting-point of 
electro-chemical research., We may even refer to this origin the 
first attempts at founding a’ general theory of electro-shemical 
phenomena; for the conception offered by Grothuss, to explain 
Nicholson’s observation by the electric polarity of molecules, con- 
_tains the germ of all the essential ideas which have expanded, accord- 
ing to tke requisitions of the phenomena, into the present; electro- 
ghemical theory. o 
. «The analytical power of the voltaic pile having been once dis- 
CcVered, it was natural for the chemists to apply the new agent to 
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ihe decomposition of substances which had hitherto resisted all 
known means. This first series of attempts produced, after a few 
years, the brilliant discovery by the illustrious Davy, Davy’s dis- 
—of the analysis of the alkalies, properly so called, coves. — , 
and the earths. Lavoisier’s theory, which showed that every 
- salifiable Wase must be a result of the combination of oxygen with 
some metal, had foreshown this analysis; but no chemical means 
had sufficed to effect it. It was believed in, in spite of Berthollet's 
discovery of the true composition of ammonia; and the brilliant 
result gbtiined by Davy was an easy consequence of a discovery 
completely prepared for. M. Gay-Lussac soon followed, with a 
+ Amore difficult but less striking achievement, —the confirmation, by 
a purely chemical process, of the electrical analysis of potash. 
Nicholson’s observation having; originated electro-chemistry, and 
Davy’s given if a great impulse, the next step was to investigate 
the chemical influence of electricity, in a scientific View. This was 
effectually, though indirectly, determined by Davy's great feat; for 
by it chemistry was proved to have achieved the most important, 
and hitherto inaccessible analyses: and in fact, the science has not 
since made any essential acquisition, Electro-chemical action was 
presently,and permanently subjected to direct and regular study ; 
and it was irrevocably constituted a fundamental part of chemical 
science when Berzelius accomplished his series of Berzetius’s 
investigations on the voltaic decomposition of all the «tension. 

* > salts, and then of the principal oxides and acids. It was in conse- 
quence of these researches that the habitual consideration of electric 
properties has assumed a growing importance in the chemical study 
of all substances, which are now scientifically divided into the 
classes of electro-fiegatives and electro-positives. It was thus the 
privilege of Berzelius to be the first to conceive of the electro- 
chenfical theofy under an entirely systematic form. 

One condition, remained to be fulfilled, to give its due scientific 
character to this new branch of chemistry. The — syntheticat 
voltaic action had thus far been regarded only ana- process. 
lytically :—it must be regarded synthetically also. This was 
done by the labours of Becquerel, who fully established the 
synthetical influence of electricity, fitly applied ; and who, more- 
over, employed it in effecting new and valuable combinations; 
hitherto impracticable. From this procedure arose the necessity 
of modifying the method of expéeriméntation. The apparatus 
which was powerful enough to decompose was much too powerful 
to combine, because it would probably decompose the immediate 
principles which were intended to be combined ; and thence arose 
the method of employing the protracted action of very. feeble 
electric powers,—every advantage being given to ihe disposition of 
the substances to be acted upon. M. Becquerel did this very sué- 
cessfully by operating with a single voltaic element, and SeiZule 
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i yhich is agreed upon 
^ac tance in the state called nascent, which is agreed 
Mn, as most favourable to combination. '"lhis change of 
procedure is the distinctive honour of M. Becquerel. 
He net only determined direct combinations, not before obtainable, 
out exhibited ' in others, which were obtainable, the remarkable 


Becquerel’s. 


property of clearly manifesting their geometrical structufe, through: 
dhe slowness and regularity of their gradual formation ;—a character 


especially marked in the case o£ certain metallic sulphurets, some 
oxides, and several salts. It does not lie within our province to 
point out the results of this method in regard to the nat&ra] history 
of the globe, in explaining a great number of mineraleorigins, when 


the time for such concrete questions shall have arrived. It is more. - 


in our way to observe the importance of these labours in bringing 
up chemical synthesis to something like harmony with the progress 
of analysis, —iavoured as the latter pursuit had been by the ease 
with which we destroy, in comparison with the difficulty with 
which we recreate. Once more, these researches of M. Becquerel 
have completed the general constitution of electro-chemistry, which, 
being henceforth at once synthetical and analytical, can only expand 
in one of these two directions, however great the improvements 
remaining to be attained. 

Such lias been the filiation of electro-chemical discoveries, since 
the beginning of our century. A little attention to the great pheno- 
menon which was the original subject of the electro-chemical theory 
will show how this study has gradually led to an 
conception for the whole of Chemistry. 


It has been said, through all periods of chemical research, that 
Studyof the study of Combustion must be the central point 
combustion. of the science, So it was thought in the ancient 
theological period of the science; and also in the more recent 
metaphysical stage, when combustibility was called pulogiston! and 
regarded as an intangible materialized entity: and the advent of 
the positive period of "chemistry was marked by the establishment 
of combustion. In our day it ls the 


avoisier had two entire] y 
view ; objects which are too com- 
monly confounded, but which we must be careful to 
keep apart. First, the análysis of the general phenomenon of com- 
bustion : and, secondly, the explanation of the effects of heat and 
light, which is, in the eyes of the vulgar, the more important of 
the two. Both were treated in the most admirable manner possible 
in the existing state of knowledge ; and in the. characteristics of 
positivity and rationality Lavoisier's theory has not since been sur- 
Passed. All combustion, abrupt ot gradual, w 


! stion .,, 88 regarded as con-' 
Sung in the combination of the combustible body with Oxygen, 


. Lavoisies ^ different objects in 
theory. f 


* 


ew fundamental. 


7 


a 
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whence, when the body was simple, must result an oxide, generally 
susceptible of becoming the basis of a salt, and, if the oxygen was 
preponderant, a true acid, the principle of. a certain kind of salts. 
As for the disengagement of heat and light, it was attributed, ina 
general way, to the condensation of the oxygen, and in an accessor 
* way, to tlt of the combustible body, in this combination. 

The first part of this anti-phlogistic theory has a much mgg- 

philosophical character than the second. It was 


eminently rational to analyse the phenomenon of 
combustioh, so as to seize whatever was common to all cases, The - 


conclusions «drawn might be too general; and were afterwards 
> „proved to be so; but whatever would stand the test of time must 
form a body of indestructible truth, constituting an essential part of 
chemical science through all fature revolutions. The case is dif- 
ferent with the explanation of heat and light. The question is not, 
like the first, of a chemical, but a physical nature’; and, whatever 
may be its final solution, it cannot affect chemical conceptions. It 
would have been wiser to abstain from offering any general explan- 
ation of the effects of heat and light through such a supposition as 
that of a condensation, which does not necessarily take place, and 
which is, in fact, found to be often absent. Lavoisier hoped to 
attach the thermological effect to the great law discovered by 
Black, of the disengagement of heat proper to the passage of any 
body from one state to another more dense ; but such a connection 


First division. 


< = could not be established on the ground of phenomena not invariably 


present, or indisputably manifested. However, it would be too 
much to expect & perfect scientific reserve in discoverers who bring 
out scientific truths from a region of metaphysical fantasies. It is 
from their followérs that we have a right to demand it ; and we are 
compelled to charge upon the chemists who have been eager to 
substitute thié'electro-chemieal theory for the anti-phlogistic theory, 
properly so called, a want of care in constructing explanations ana- 
logous to those which are dismissed as insufficient. To justify this 
charge, we must review the proofs of the imperfection of Lavoisier's 
theory,—still regarding it under the two divisions just exhibited. 
Berthollet saw presently that Lavoisier's method of analysis of 
combustion must be modified. One of the chief con-  Berthotiet's 
sequences of this analysis was that every acid and limitation, — « 
every salifiable base must be a result of combustion ; that is, of the 
combination of any element with oxygeh; whereas, Berthollet, dis- 
covered that one of the most marked of the alkalies, ammonia, is 
formed of hydrogen and azote alone, without any oxygen; and soon 
after, he proved that sulphuretted hydrogen gas, in which also 
there is no oxygen, nevertheless presents all the essential nroperties 
of a real acid. ‘These facts have since been confirmed in every 
possible way, and especially by fhe electric method ; and the e D- 
tions, both as to alkalies and acids, have become so multiplied, t 
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the investigation and comparison of them have given that high 
character of generality to the study of alkalies and acids whic 
gs to it in our time. 
OD the primitive theory of combustion has been gradually 
Modified by the discovery that a rapid disengagement of heat and 
light is not always an indication of a combination with oxygen. 
™Ghlorine, sulphur, and several other bodies, even non-elementary, 
have been found to occasion tree combustion. And again, the 
phenomenon of fire is no longer attributed exclusively to any special 
combination, but, in general, to all chemical action atsonce very 
intense and vivid. Peo 
It does not follow that because Lavoisier’s discoveries have parted_ 
with some of their character of generality, they have lost any oÍ 
their direct value: and such alterstion of views as there is relates 
chiefly to artificial phenomena, whiie the natural facts remain 
securely established. Thus, though there are acids and alkalies 
without oxygen, it is unquestionable that the greater number of 
them, and especially the most powerful, are oxygenated : and again, 
if oxygen be not indispensable to combustion, it remains the chief 
agent, and especially in natural combustions. In natural history, 
the theory is applicable, almost without reserve, though it is insuf- 
ficient for the severe conditions of abstract science. If thé ‘universal 
sovereignty of oxygen has been overthrown, it will yet be for ever 
the chief element of the whole chemical system. 
As for the second aspect of the discovery,—the explanation of. 
: ... fire,—it was destroyed by the first direct examination 
nudo CHEN new facts Were required for its overthrow, 
but merely a more scientific appreciation of common phenomena. 
It will not even serve naturalists for their concrete purposes in any 
degree, having never really explained tlie most ordinary effects. 
The required condensation is found to be only occasionally present, 
and often absent in the most important cases; so that if it were 
not for the connectiom of this aspect of the theory with a sounder 
one, it would be inconceivable how it could have held its ground 
up to a recent period,—busy as the chemists were with other 
theoretical speculations. After finding that in cases where conden- 
sation was supposed, expansion exists instead; and that where we 
ind vivid combustion, there should, by the theory, be a great cool- 
ing, we are brought to the reflection that if the fire on our hearths 
was not a matter of daily fact to us, its existence must become 
doubtful, or be disbelieved, through those very explanations by Which 
the phenomenon has been proposed to be established, To my 
.mind, this is a clear indication that the chemical production of 
fire doesnot admit, in a general way, of any rational explanation. 
Otherwise it appears incomprehensible that men of such genius 
and such science, at a time so near our own, should have been so 
detuded. The electric fire, now proposed for an explanation, must 
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have been sufficiently known to Lavoisier, Cavendish, Berthollét, 
and others, to have served as a basis to their theory, if its prepon- 
derance over the merits of their hypothesis had been so great as is 
now commonly supposed. This consideration, however, striking 
as it may be, is no dispensation from the duty of examining the 
electro-chémical conception, for which we have been prepared by 
this short account of its antecedents. ^ eg 
According to this theory, the fife produced in the greater number 
of strong cliemical reactions must be attributed to a real electric 
discharge which takes place at the moment of combination (by the 
mutual neutfalization, more or less complete, of the opposite electric 
+ .conditions) of the two substances under consideration,—one of which 
must be electro-positive and the other electro-negative. There is 
every reason to fear, however, tBat when this theory has been effect- 
ually examined, it will be found as defective in rationality as its 
predecessor. If electric effects are concerned in all ‘chemical pheno- 
mena, eas seems’ to be now agreed upon by most chemists and 
physicists, they. must oftener be supposed than found: and the 
electric symptoms are most impossible to detect in precisely those 
chemical phenomena which have been most relied on for overthrow- 
ing the ,old theory. And in the cases in which electrization is 
evident, its chemical influence is so equivocal that some regard it 
as the cause, and others as the effect, of the combination. The 
explanation is not yet positively established for any phenomenon 


^ o Swhatever that has been duly analysed: while its vague nature 


leaves room for fear that it will not be so radically or so speedily 
destroyed as its spredecessor. It could be plainly shown whether 
the requisite condensation did or did not exist : but there is always 
a resource, in tlie more recent case, in the faint or fugitive 
character of the electric condition, which defies our means of posi- 
tive èxploratiôn,—qualities which are far from being a ground of 
recommendation,of a theory which is to account for very striking 
and intense effects. I do not desire to say that the disengagement 
of light and heat can never have an electric origin, any more than 
ihat it can never proceed from the condensation proposed: but I 
think an impartial observation would decide that in most cases of 
combustion there is neither condensation nor electrization. My own 
view is that these vain attempts to explain the chemical productiofi 
of fire proceed from the lingering metaphysical tendency to penetrate 
into the nature and mode of being of phenomena: and that chemical 
action is one ef the various primitive sources of heat and light, 
which cannot, from their nature, usually admit of any positive 
explanation ; that is, of being referred, in this relation, to any other 
fundamental influence. e 

If our chemical science xvere more advanced than it is, we should 
not have:to point out that the consideration of fire, which, however 
important, is only a physical accessory of chemical phenomena, 
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cannot afford à rational ground for a radical change in our Con. 
ceptions of chemical action. When our predecessors regarded heat 
Dificulties of aS the chief physical agent in composition and decom- 

- the theory. position, they did „not pervert such a consideration to 

the point of assimilating chemical to thermolosical effects. We 
are less cautious at the present day: we confound the auxiliary, or 
Yie general physical agent of the phenomenon, with the phenomenon 
itself, and pervert chemistry by confounding it with electrology, by 

irrationally assimilating chemical to electrical properties, as is seen 

especially in the theory of M. Berzelius. How. can there be any 

scientific comparison between the tendency of iwó bodies to a 

mechanical adhesion after a certain mode of electrization, and the 

disposition to unite all their molecules, external and internal, by a 

true chemical action? .'M. Berztliys has frankly declared that; 

cohesion, properly so called, admits of no electric explanation. 

Nothing is gained towards explaining the molecular connection, 

indissoluble by any mechanical force, in contrast with the nfagnetic 

union so easily overcome, by talking of voltaic elements with their 

positive or negative pole, and their connection by the electric anta- 

gonism of the opposite poles. Such inventions give no idea what- 

ever of molecular cohesion. Nor is affinity, or the tendency to 

combination, any betfer explained by the electro-chemical theory. 

Electrical phenomena, in physics, are eminently general, offering 

only differences of intensity in different. bodies ; whereas, chemical 

phenomena are essentially special or elective: and therefore every” 

attempt to make chemistry, as a whole, enter into any branch of 
physics, is thoroughly anti-scientific. This would be enough: but 

we see besides that the smallest changes in the mode of electriz- 
ation reverse the electric antagonism, and destroy the proposed 
electrical order of elementary bodies: we find ourselves unable to 
deduce the new electric properties which’ the theory bids us look 

for in the compounds of different orders; we do not know by what 
laws they derive their positive or negative character from the 
electric condition of each of the two elements ; nor are we able to 
approach the great end of chemical science,—the prevision of the 
qualities of compounds by those of their constituent elements. 


Moreover, in any case, the great body of chemical phenomena 
opposes insurmountable obstacles ; as when oxygen, the most nega- . 
tive element, when entering 


largely into certain oxides, finds them 
positive towards certain acids, into which. it enterg much..more 
sparingly,—the radicals of the first being often as negative as those 
of the last. According to M. Berzelius’s own frank declaration, 
organic compounds cast insuperable difficulties in the way of 
his arranzement of electric relations ; and he alltges the transience 
of the combinations in that class of cases as an explanation of the 
anomaly: but chemical science would be impossible if compounds 


Were not throughout considered stable till causes of decomposition 
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arise: and if organic compounds are guarded from these, thoy 
remain chemically stable, like inorganic substances. "Phe funda- 
mental obstacle of the whole case,—the identity of the elements, in - 
opposition to the electric variety,—cannot by any means whatever 
be got over. 

* Leaving all these difficulties on one side, we learn nothing about 
chemical phenomena by likening them to electric action, for ae 
establish thus no harmony between the pretended. causes and the 
real effects, Every attempt seems to prove simply the auxiliary 
influence 6f electricity on chemical effects,—acting as heat does, 
only with a®different intensity. In fact, there are scarcely any 

- .eleetro-chemical combinations which cannot be effected by ordinary 
chemical processes, without any electric indientions; and the few 
exceptional cases still existing foay, by analogy, be expected to be 
brought under the rule. Tf, in the face of all this, we were to per- 
sist in investing the electrical influence with the specific and mole- 
cular attributes of chemistry, we should merely be restoring the old 
entity of affinity, decked out with some hypothetical material attri- 
butes, which would be far from rendering it more positive: and such 
a procedure would be as hurtful to physics as to chemistry, by 
infusing new vagueness into our notions of electricity, which are at 
present far from being sufficiently distinct. And then might follow, 
as likely as not, the founding on electrology, not only the whole of 
chemistry, but the theories of heat, of weight, and probably, as a 

* . consequence, that of celestial mechanics. j And then, if we added to 
this heterogeneous assemblage a confounding of the supposed nervous 
fluid with the pretended electric fluid, we should have attained to 
the show of an universal system, devoid of all scientific use, which 
would fall to pieces as soon as tested by real study, parting off into 
categories. of independent doctrine, and encumbering natural phil- 
osophy with insoluble questions, which must be discarded, to enable 
us to begin afresh. 
Thus, to sum up, the great chemical influence of electricity, like 
that of weight, and yet more of heat, is unquestionable ; and I have 
ndeavoured to exhibit the high importance of electro-chemistry to 
the improvement of chemical science, of which it is one of the essen- 
tial elements. But I must, once for all, reject the conception 
through which it has been attempted to transform all chemical into 
electrical phenomena. In a philosophical point of view, Lavoisier's 
theory appears to me, notwithstanding its serious imperfections, 
very superior as a scientific composition to that to which it has given 
place. It. related directly.to the aim of chemical science, — the 
establishment of general laws of composition and decomposition ; 
whereas the newer theory draws attention away from if; im a vain 

- inquiry into the intimate nature of chemical phenomena. Thus the 
anti-phlogistic conception has suggested numerous and important 
chemical discoveries, while it is.very doubtful whether as much will 


^ 
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ever besaid for the electric theory. In an indirect way, however, it 

Tis position may operate favourably for chemical science, by its 

and powers. — binary antagonismrsuggesting the extension of dualism 
ariong? compounds whiéh are as yet supposed to be more than bin- 
ary. Berzelius appears to have felt this connection ; and he would 
probably have erected dualism into a fundamental principle but for 
jes: subjection to the old division of chemistry into organic and 
inorganic. Others, who are free^from this entanglement, may be 
prepared by the electrochemical theory for general dualism ; though 
it is not, in principle, desirable to recur to faulty meané to attain 
good results in an indirect way. In another view, this theory may 
be useful,—in fixing the attention of chemists on the influence of 
time in the production of chemical effects;—an influence remarkably 
manifested by many phenomena, but, not, as yet, directly analysed. 
Not only does time naturally increase the mass of the products of 
chemical re-action; it also causes formations which would not 
otherwise exist. ‘The chemical theory of time is at present o blank 
in science ; and the phenomena of electro-chemistry seem likely to 
enlighten us on this head,—so all-important in its connection with 
chemical geology, while constituting an indispensable clement in 
the conceptions of abstract chemistry. 

To complete our survey of the philosophy of Chemistry, we must 


turn to some considerations already suggested, on the subject of 
what is commonly called Organic Chemistry. 
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CHAPTER V. ' 


" 
Aes ORGANIC CHEMISTRY. 


© 


' Orcanic Chemistry comprehends, it cannot be denied, two kinds of 


researches, chemical and physiological, which are perfectly distinct. 
For instance, the study of organit acids, and especially the vegetable 
acids, and alcohol, ethers, ete., has a character as Conf if 
purely chemical as that of any inorganic substances foo kinds Z 
whatevér ; and, on the other hand, there is no doubt of fact. 

of the biological eharacter of inquiries into the composition of sap 
or blood, and of the analysis of the products of respiration, and 
many other matters included in organic chemistry. ‘The confusion 
of the two,orders is prejudicial to both sciences, and especially to 
physiology. "The division of Chemistry conceals or violates essential. - 
analogies, and hinders the extension of dualism into the organic 


* region, where it is seldom found, though, as I have shown, it is 
; 


‘optional, in fact, throughout the whole range of chemistry ; and thus 
the arbitrary arrangement is the chief obstacle in the way of the 
entire generalization of the doctrine of definite proportions. And 
whenever a true chemical theory shall fitly replace the anti-phlogistic 
conception, it must, necessarily comprehend all organic, as well as 
inorganic compounds. The most philosophical chemists are tending 
more and more to a recofnition of the identity of the two depart- 
ments ; and these can be no doubt that the establishment of that 
identity will bean immediate consequence of à rational classification 
of CT acd ds i 
e çonfusion is more misc hievous, but less felt ists 
under the other view, —the comprehension of Biolecioal he 
among those of organic chemistry. The confusion arose from the 
need of chemical researches in very many physiological questions 5 
and these chemical researches, being usually extensive and difficult, 
were out of the range of the physiologists, and were taken possession 
of by the chemists, who annexed them to their own domain. Both 
classes were to blame for the vicious arrangement, and both must 
amend their scientific habits before a division can be effected in 
entire conformity fo natural analogies. The physiologistc have the 
most, difficult task before-them, having to qualify themselves for 
inquiries from which the chemists have only to abstain. i : 
It is scarcely possible to characterize or to cireumseribe “he 
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»vsiologieal part of organic chemistry, formed as it is by successive 
Tee creat Tt compreliends the chemical analysis of all the 
anatomical elements, solid or fluid, and that of the products of the 
organism; and if its usurpations remained unchecked, it would 
soon include the phenomena of what Bichat called the organic life; 
that is, the funclions of nutrition and secretion, the ‘only ones 
common to all living bodies, and in which the chemical point of 
view might well appear the natural one. In such a state of things, 
physiology would be reduced to the study of the functions of animal 
life, and to that of the development of the living being. 4It is easy 
to see what would become of biological science, if it/^vere reduced 
to this fragmentary state. Chemists cannot but be unfit for the. 
rational examination of the important questions of anatomy and 
physiology, vegetable and animal, because the research requires that 
comprehension of view which their studies, as chemists, preclude 
them from obtaining. In the anatomical relation, they are per- 
petually overlooking the fundamental division, established by, M. de 
Blainville, between the true elements of the organism, and its simple , 
: products ; and they take for one another, almost indifferently, tlie 
tissues, the parenchyma, and the organs. The spirit of biological 
investigation being unknown to them, they can neither choose their 
. subject well, nor direct their analysis wisely. If these are grave in- 
conveniences in anatomical questions, they are much more serious in 
physiological problems, properly so called, the essential conditions 
of which are not understood by chemists. The rational direction 
of physiological analysis can take place only-by the subordination 
of the chemical to the physiological view; and therefore by the 
employment of chemistry by the physiologists themselves, as a 
Simple means of investigation. It is an analogous case to that 
before exhibited, of the application of mathematical analysis to 
physical questions. If it is important that physicists should employ. 
the instrument of analysis, instead of delivering over physical sub- 
jects. to the mathematicians, to be a mere theme for analytical 
exeroises, much more important is it that the greater diversity of 
view in chemistry and physiology should not be lost. sight of. 10 
irrational and incoherent studies comprised in the organic chemistr 
of our day give us no idea of the true nature of the aids that biology 
rany derive from chemistry. A few instances will show the high 
importance of an improved organization of scientific labour. ] 
In the anatomical order, almost all the researches of chemists 
Retation of  Dàvetoundergoan entire revision by the physiologists, 
Chemistry to before they can be applied to the studies of the ele- 
Anatomy. ments or the products of the organism, The fine 
series of researches of M. Chevreul on fatty bodies are perhaps the 
only important chemical study immediately applicable to biology, 
animal or even vegetable. In the chemical oe 


c analysis of blood or 
Sap, or almost any other element, a single case, taken at hazard, is 
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usually presented as a satisfactory type, without any comparative 
investigation either of each species of organism in its normal state; 
or of the degree of development of the living beiig,—its sex, its 
temperament, its mode of alimentation, the system of its exterior 
conditions of existence, etc., and other modifications which physite 


,ologists alqne can duly estimate. Such analyses correspond to 


nothing in anatomy but the single case observed ; and even that is 
seldom sufficiently characterized., Hence inevitable divergencté 
among chemists, who choose different types, and discussions of uo 
scientific use, as the discordauce is attributed to the different 
analytical methods employed, instead of to the variations which 
physiology would have led them to anticipate. ‘The case is the 


' same with regard to products first secreted and then excreted, as 


bile, saliva, etc., which offer a, still greater complication. The 
chemists make no inquiry about the parts from which these pro- 
ducts are taken, or the modifications which may have been occasioned 
by their remaining: some time after their production, etc.; and 
therefof the analyses of these products, however often renewed, are 
still incoherent antl thoroughly defective. We owe to M. Raspail 
a full exposure of the practice of the chemists of multiplying 
organic principles almost without limit, from differences of char- 
acter whiel» imply no distinction of nature, but are merely marks 
of various degrees of elaboration of the same principle in different 
developments of vegetation; and even: from confounding the 
observed substances with their anatomical envelope. It is to be 
feeretted that M. Raspail did not complete his great service to 
science by founding rationally the physiological portion of organic 
chemistry, instead of vainly attempting to systematize organic 
chemistry, under the bias of our crude chemical education. 

Tf we turn from the anatomical order of questions to the physio. 
logical, we shall find yet stronger evidences of the 

D . ^ H H . mo 
inaptitude of chemists for biological inquiries, All 
endeavours have get failed to establish any point of general doctrine 
in biology; and we find ourselves merely with simple materials, 
which must be newly elaborated by physiologists, under the view of 
vitality, before they can be uU to use. MU give an example or two : 
—H4he experiments of Priestley, Sennebier, Saussure, and others, on 
the mutual chemical action of vegetables and atmospheric air, were 
of the highest value, âs instituting: positive knowledge of the voies 
table economy ; but the inquiry is by wo means so simple as its 
founders’ naturally supposed, after having analysed one separate | 
portion of. the phenomenon of vegetation. ‘The absorption of car- 
Donic acid, and the exhalation of oxygen, though very important in 
relation to the action of leaves, are only one aspect of the double 
vital motion, and cannot be understood but in the physiological view 
of both. This action cannot explain the elementary composition of 
vegetable substances, or determine the kind of alteration sustained, 
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by the air throngh vegetation, because it is, in other ways, partially 
Aouipensatea by the precisely inverse action produced by the ger- 
mination of seeds, the ripening of fruits, etc., and even, as regards 
the leaves, by the mere passage from light to darkness. It is much 
io have indicated the true nature of the requisite research, and to 
have supplied some materials for it. The rest is the business of the, 
physiologists. If we turn to animal physiology for examples, the 
case is yet more striking, $ L 
After all the inquiry that has been made into the chemical pheno- 
mena of respiration, no fixed point is yet established, It was long 
supposed that the absorption by the lungs of atmosphéric. oxygen, 
and its transformation into carbonic acid, would explain the great 
phenomenon of the conversion of venous into arterial blood. Bry ~ 
the problem is much more complicated than was supposed by the 
chemists who established this essential part of the phenomenon, and 
whose labours nresent the most contradictory conclusions in regard 
to the facts under their notice. We do not know, for instance, 
whether the quantity of carbonic acid formed really corresponds. to 
ihe quantity of oxygen absorbed; and even the simple general 
difference between the inhaled and exhaled air, which is the first 
point to be ascertained, is far from being positively established, 
The atmospheric azote appears to some to be increased after respira- 
tion, while ‘others say it is diminished, and others again that it 
remains the same. ‘The disagreements about the changes in the 
composition of the blood are yet more marked. Perhaps the inapti- 
tude of chemists and physicists for physiological researches is more 
striking still in the case of animal heat. "In the early days of 
modern chemistry, this phenomenon seemed to be sufficiently 
accounted for by the disengagement of heat cor 
decarbonizing of the blood in the lungs 
as the focus of a real combustion ; b 
found to be inadequate, ev 
more in various pathological cases. 
the pulmonary influence in th 
functions must concur in it, i 
18 even Some reason to suppos 
of the chemists, that respir 


i r diminish it. No doubt, the chemical 
effects occasioned by vital action must always be tal 
account in the study of 


who can deal with the 
we have learned to combine the chemical and the physi 
positive doctrin 


aliments ; a case which con- 
f the vital state, : 
t 


DIFFICULTIES. i fox 


Tt is evident, at the outset, that every living body, whatever ils 
origin, must. be, in the long run, composed of the different chemical 
elements concerned in the substances, solid, liquid, and gaseous, by 
which it is habitually nourished; since, on the one hand, the vital 
motion subjects its parts toa continual renovation, and, on the other, 


< we cannot? without absurdity suppose it capable of spontaneously 


producing any real element. ‘This consjderation is so far frem 
involving any difficulty, that it might lead us to divine the general 
nature of the principal elements of living bodies; for animals feed 
in the firs place on vegetables, or on other animals which have 
eaten vegetables ; and in the second place, on air and water, which 
are the basis of the nutrition of plants: and thus, the organic world 
“evidently admits of those chemical elements only which are furnished 
by the decomposition of air awd water. When these two fluids 
have been duly analysed, physiologists can, in a manner, foresee 
that animal and vegetable substances must be composed of oxygen, 
hydroggn, azote, and carbon, as chemistry taught them. It is true, 
such a prevision must be very imperfect, as it indicates nothing of 
the difference between animal and vegetable substances, nor why 
the latter usually contain so much carbon and so little azote. «But 
this first glimpse, though it suggests some’ of the difficulty of the 
problem, yet indicates the possibility of establishing such a general 
harmony. But, when we proceed with the comparison, we encounter 
important objections, which are at present insoluble. The chief 
<difficulty is that azote appears to be as abundant in the tissues of 
Jerbivorous as of carnivorous animals, though the solid aliments of 
the former contain scarcely any azote. The opinions of chemists, as 
of Berzelius and Raspail, as to the nature of azote, do not solve the 
difliculty, as they*cast no light upon its origin. ‘This is one of a 
multitude of cases in which we cannot at all explain the chemical 
composition oftinatomicah elements by that of the exterior substances 
from which they_are unquestionably derived. Another striking case 
is that of the constant presence of carbonate, and, yet more, phos- 
phate of lime in the bony tissue, though the nature of the aggregate 
of aliments appears to afford no room for the formation of those 
salts. This system of investigations, considered in its whole tange, 
constitutes one of the most important general questions that can 
arise from the chemigal study of life; and, if it is at present hardly 
initiated, the backwardness is owing, not only to its eminent diffi- 
culty, but to the biologists having abanddned to the chemists a task 
which, under a,wise organization of labour, would have belonged to 
themselves alone. 

Tn order to effect a rational division of organic chemistry, and to 
assign its portions *o chemistry on the one hand and parition of 
physiology on the other, we must take our stand on. Organic. 
the separation between the state of life and that of : Chemist. © 
death; or, what comes to nearly the same thing, between tie 
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s/ability and instability of the proposed combinations, submitted te 
the influence of common agents. Among the compounds indis- 
criminately called organic, some owe their existence only to vital 
motior; they exhibit perpetual variations, and usually constitute 
ere mixtures: and these cannot belong to chemistry, but must 
enter into the domain of biology,—st: } l f 
aswe study their fixed condition, or the vital succession of their 
regular changes. Such, for instance, are blood, lymph, fat, etc. 
The othezz, which form the more immediate principles of these, are 
substances essentially dead, admitting of.a remarkable permanence, 
and presenting all the characters of true combinations; independent 
of.lile : their natural place is evidently, in the general system of 


chemical science, among the substances of inorganic origin, from 


which they differ in no Important respect. Of these, the organic 
acids, alcohol, albumen, etc., are examples. These are the substances 
which truly belung to organic chemistry ; and no reason exists for 
their separation from analogous inorganic substances, even if no 
injury was done by such an arbitrary 


division ; and there is more 
reason for giving the title of organic to them than to the theory 
of ‘oxygen, hydrogen, carbon, and azote, or to the study of many 
other substances, acid, alkaline, saline, etc., without which chemical 
anatomy and physiology would be unintelligible. As for chemical 
phenomena truly common to all compounds of this class, in conse- 
quence of the necessary identity of their chief elements, it is cer- 
tainly important to assign to them their 
most important of these phenomena relate, af 
esting and very imperfect theory of the differe 
tion. - But, the consideration of these properties does not constitute 
a different order from that which results from the same ground in 
the case of many other compounds, purely inorgånic. The property 
of fermentation, however important, has not a higher scientific 
value than that of burning, and has no more right to an exclusive 
classification. Tt is admitted that too much was attributed to com- 
bustion formerly, in regard. to inorganic substances ; and we may 
be attributing too much now to fermentation, or any other common 
property, among so-called organic bodies. We cannot Yet assign 
their proper place to these compounds in the rational system of 
«chemical science ; but we are able to affirm that, in that system, 
they must be more or Jess separated from each other, and interposed 
among substances called? inorganic. Nothing more than, this is 
needed to settle the question of the maintenance or the suppression 
of organic chemistry as a. distinct body of doctrine, In applying 
the principle which I have proposed, to ascertain to which science 
any uestion. belongs, it is enough to inquire, Whether chemical 
knowledge will serve the purposes of the research, or whether 
Any biological considerations enter into it. The proposing such an 
^Jemative is, in fact, making the classification, 


nt kinds of fermenta- 


itical or dynamical; according + 


precise relations, The 
present, to the inter- 
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Tt is not our business to treat of any special application of ils 
principle; but it is desirable to point out that in this partition of 
organic chemistry, its two portions are very unequally divided— 
the study of vegetable substances contributing most to chemistry, 
and that of animal substances to biology.. At the first glance, we 
might suppose the difference to be the other way ; for the impor- 
tance of chemical considerations is really much greater with regal 
to living vegetables than animals, whose chemical functions are, 
except among the lowest orders of the zoological hierarény, subor- 
dinated, to% superior order of new vital actions. Yet, in virtue of 
the higher degree of vital elaboration that matter undergoes in the 
animal than in the vegetable organism, the chemical part of animal 
physiology presents a much greater extent and complexity than the. 
vegetable, in which, for instance? the whole series of the phenomena 
of digestion is absent, and in which assimilation and secretion are 
much simplified. But, on account of the superior elaboration, and 
of the @reater number of elements, animal substances are much less 
stable than vegetable: they rarely remain separate from the organ- 
ism; and, at the same time, the new immediate principles proper 
io them are so few that their very existence has been questioned. 
"Vegetation is evidently the chief source of true organic compounds, 
which are derived thence by the animal organism; and modified by 
it, either through their mutual combinations or new external influ- 
ences, ‘hus, the true domain of chemical science must necessarily 

Sbe more extended by the study of vegetable than by that of.animal 
substances. IS E NS P 

Enough has been said about the necessity of subjecting organic 
compounds to the law of dualism ; but there is a particular aspect, 
under which thé importance of this conception in improving 
chemical theories is worth a brief notice. 

Iu considering substances as ternary or quaternary, their multi- . 
plicity is accounted for only by the difference in the Aoptication 
proportions: of their constituent elementS—their of dualism 
component principles being identical. Very great to organic 
differences are sometimes explained by inequalities °”"?7"" 
of proportion so small as to shock the spirit of chemical analysis 
and in other cases, the proportions being the same, the differences 
remain unaccountedefor ;—as, for instance, in the cases of sugar and 
gum, in which we find the same elements, combined in the same 
proportions. It we extend dualism to organic compounds, this class 
of anomalies disappears ; for the distinction between immediate 
and elementary analysis enables us to resolve by dualism, in the 
most natural manner, the general paradox of the real diversity of 
two substances coniposed of the same elements, in the same propor- 
tions. In fact, these substances, identical in their elementary, 
would differ in the immediate analysis, as we may understand from 
what was offered in my chapter on the law of definite proportions. 
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Th another connection, chemists have remarked the possibility of 
exactly representing the numerical composition of alcohol or ether, 
elc., according to several binary formulas, radically distinct from 
eech other, and yet finally equivalent with regard to the elementary 
analysis. Now, if such fictitious combinations should ever „be 
realized, they would produce highly distinct Substances, which 
might differ much in the aggregate of their chemical properties, 
and yet coincide by their elementary composition, It is only 
necessary vo transfer the same spirit into the study of organic com- 
binations, by the establishment of a universal dualism, o dissipate 
all these anomalies: and the resource may thus be happily prepared, 
before the cases of isomerism (as Berzelius calls this fact) have 
ecome, very numerous, Q 
We have now seen how heterogeneous is the body of doctrine 
Summary of included under the name of organic chemistry 5 how 
the chapter.  it'should be divided; what is the duty of: physiologists 
with regard to their share of it; and how the extension of @aalism 


will establish a natural agreement between the composition of 
substances and their collective characters, 


With regard to Chemistry at large, I hay 


Summary of spirit of the science, under a philosophical,view of its 

the Book. present aspects, and of the indispensable conditions 
of its advancement. We do not want new materials so much as 
the rational disposition of the details which already abound: and T 
have offered two prominent ideas, in my survey of chemical pphi-: 
losophy ; the fusion of all genuinely chemical'studies into one body 
of homogeneous doctrine ; aud the reduction of all'combinations to 
the indispensable conception of a dualism always optional. ‘These 
Wo conditions, distinct but connected, have been. presented as 
necessary to the definite constitution of chemical science, The 
application of such a conception to the? only part’ of chemical 
research which yet exhibits anything of a positive rationality has 
removed all doubt about its general fitn 


ess, by showing its spon- 
taneous aptitude t resolve the anomalies of numerical chemistry, . 


With this division closes our Survey of the whole of natural 
philosophy that relates to universal or inorganic phenomena, In 
the order of phenom 


ena to which we next proceed, there is at once 
riuch more Complexity, and much less established order. The 
study of them is scarcely yet organized ; and yet, out of the 
Speciality of the phenomena arises the most indispensable part of 
natural philosophy,—that of which Man is first the chief ol 
and then Society. 


€ pointed out the true 


ject, 


ost 


sof philosophy; and there are two methods of pro- 
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Tan study of the external world’ and of Man is the eternal business 
ceeding ; by passing from the study of Man to that aa 

of external nature, or from the study ofexternal nature 227452». 

to that of Man. Whenever philosophy shall be per- pee 
fect, the two mellfods will be reconciled : meantime, the contrast of 
{he two distinguishes the opposite philosophies,—the theological anl 
the positive. We shall see hereafter that all theological and meta 
physical philosophy proceeds to explain the phenomena of the 
external world from the starting-point of our consciousness of human 
phenomena ; whereas, the positive philosophy subordinates the con- 
ception of Man to that of the external world. All the multitude of 
incompatibilities between the two philosophies proceed from this 
radical opposition. Tf the consideration of Man is to prevail over 
that of the universe, all phenomena are inevitably attributed to 
will, —first natural, and then outside of nature; and this constitutes 
the. theological system. On the contréty, the direct study of the 
universe suggests and develops the great idea of the laws of nature, 
which is the basis of all positive philosophy, and capable of exten- 
sion to the whole of phenomena, including at last those of Man and 
Society. The one point of agreement among all schools of theology 
and metaphysics, which otherwise differ without limit, is that they 
regard the study of Man as primary, and that of the universe às 
secondary,—usually neglecting the latter entirely. — Whereas? ize 
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Yiost marked characteristic of the positive school is that it founds 
the study of Man on the prior knowledge of the external world. | 

This consideration affects physiology further than by its bearing 
© Starting-point On its encyclopedical rank. In this one case the 
* of Physiology. character of the science is affected by it. , The basis 
of its positivity is its subordination to the knowledge of the external 
werld. Any multitude of facts, however well analysed, is useless as 
long as the old method of philosophizing 18 persisted in, and physi- 
ology is tonceived of as a direct study, isolated from that of inert 
nature. The study has assumed a scientific character only since 
the recent period when vital phenomena began to be regarded as 
subject to general laws, of which they exhibit only simple modifica- 
lions. This revolution is now irreversible, however incomplete and 
however imperfect have been the &ttempts to establish the positive 
character of our knowledge of the most complex and individual of 
physiological phenomena ; especially that of the nerves and brain. 
Yet, unquestionable as is the basis of the science, its cultue» is at 
present too like that to which men have been always accustomed, 
pursued independently of mathematical and inorganic philosophy, 
which are the only solid foundations of the positivity of vital 
studies, ^ 

There is no seience with regard to which it is so necessary to 
ascertain its true nature and Scope ; because we have not only to 
assign its place in the scale, but to assert. its originalit 


sert y. On the 
one hand, metaphysics strives to retain it; and on the other, the: 


Inorganic philosophy lays hold of it, to make it a mere outlying 
portion of its scientific domain, For more than à century, during 
which biology has endeavoured to take its place in the hierarchy of 
fundamental Sciences, it has been bandied between metaphysics and 
physics ; and the strife can be ended only by the decision of positive 
philosophy, as to what position shall be occupied by the study of 
living bodies, bee 

The present backwardness of the Science is explained by the 

Its present extreme complexity of its phenomena, and its recent 

meetin: date. That complexity forbids the hope that biologi- 
cal Science can ever attain a perfection comparable to that of the 
more simple and general parts of natural philosophy : and, from its 
recent date, minds which See in every other province the folly of 
looking for first causes and modes of production of phenomena 
still carry these notions into the study of living bodies, Foumore 
than a century intelligent, students have in physics put aside the 
search after the mystery of weight, and have looked only for its 
laws ; ‘yet they reproach physiology with teaching us nothine of the 
nature of; life, consciousness, and thought. Tt {fs easy to see how 
physiology may thus be Supposed to be far mor 
i 


yn j ) I e imperfect; than it 
; and if it be, from unavoidable circumstance 


E : E ) “sances, more backward 
“ian the other fundamental sciences, it yet includes some infinitely 


i 
1 
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RELATION OF BIOLOGY TO MEDICINE. v 
valuable conceptions, and its scientific character is far less iuferiór 
than is commonly supposed. 

We must first describe its domain. 
There is no doubt that the gradual development of huma inteHj- 
gence would, in course of time, lead us over from the . 
theological and metaphysical state to the positive by a Tese: 
series of logical conceptions. But such an advance would be extrenta!y 
slow ; and we see, in fact, that tlie process is much quickened by a 
special stimulus of one sort or another. Our historical “experience, 
which testiges to every great advance having been made in this way, 
shows that the most common auxiliary influence is the need of applica- 
* gion of the science in question. . Most philosophers have said that 
every science springs from a corresponding art ;—a maxim which, 
amidst much exaggeration, contains solid truth, if we restrict it, as we 
ought, to the separation of each science from the theological and meta- 
physical philosophy which was the natural product of zetation to 
early iman intelligence. In this view itis true that a Medicine. 
double action hasded to the institution of science, the arts furnishing 
positive data, and then leading speculative researches in the direc- 
tion of real and accessible questions. But there is another side to 
this view.» When the science has once reached a certain degree of 
extension, the progress of speculative knowledge is checked by a too 
close connection of theory with practice. Our power of speculation, 
limited as it is, still far surpasses our capacity for action: so that 
^ Sit would be radically absurd to restrict the progress of the one to 
that of the other. ‘he rational domains of science and art are, in 
general, perfectly" distinct, though philosophically connected : in the 
one we learn to know, and therefore to foreknow ; in the other .to 
become capable, and therefore to act. If science springs from art, 
it can be matured only when it has left art behind. ‘This is pal- 
a pably true with regard to the sciences whose character is clearly 
recognized. Axchimedes was, no doubt, deeply aware of it when 
he apologized to posterity for having for the moment applied his 
genius to practical inventions. In the case of mathematics and 
astronomy we have almost lost sight of this truth, from the remote- 
ness of their formation; but, in the case of physics and of 
chemistry, at whose scientific birth we may almost be said to have 
been present, we can ourselves testify to their dependence on the 
arts at the outset, and to the rapidity of their progress after their 
separation from them. The first series of chemical facts were fur- 
nished by theelabours of art; but the prodigious recent develop- 
ment of the science is certainly due, for the most part, to the 
speculative character that it has assumed. wt 
These considerations are eminently applicable to puysiology, 
No other science has beer closely connected with a corresponding 
art, as biology has with medical art,—a fact accounted for byethe 
high importance of the drt and the complexity of the science, Put 
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he growing needs of practical medicine, and the indications it 
ae Du "the chief vital phenomena, physiology would have 
probably stopped short at those academical dissertations, half 
literary, half metaphysical, studded with episodical adornments, 
which constituted what was called the science little more than a 
century ago. The time however has arrived when biology must, 
lize the other sciences, make a fresh start In a purely speculative 
direction, free from all entanglement with medical or any other art. 
And when this science and the others shall have attained an 
abstract completeness, then will arise the further duty as-T have 
indicated before, of connecting the system of the arts with that of 
the sciences by an intermediate order of rational conceptions. 
Meanwhile such an operation would be premature, because the 
system of the sciences is not completely formed ;and, with regard 
to physiology especially, the first necessity is to ‘Separate it from 
medicine, in order to secure the originality of its scientific character, 
by constituting organic science as a consequence of in6?eanic, 
Since the time of Haller this process has gone on; but with ex- 
treme uncertainty and imperfection ;80 that even now the Science 
is, with a few valuable exceptions, committed to physicians, who 
are rendered unfit for such a charge both by the eminens impor- 
tance of their proper business, and by the profound imperfection 
of their existing education. Physiology is the only science which ' 
is not taken possession of by minds exclusively devoted to it, tpt, 
has not even a regularly assigned place in the best instituted scien~ 
tific corporations. This state of things cannotlast, the importance 
and difficulty of the science being considered. ‘ff we would nof 
confide the study of astronomy to navigators, we shall not leave 
physiology to, the leisure of physicians. Such san organization as 
this is a sufficient evidence of the prevalent confusion, of ideas about 
physiological science ; and when its pursuit has been duly pro- 
vided for, that reaction for the benefit of art will ensue which 
should put to flicht all the fears of the timid about the separ- 
ation of theory from practice. We have seen before how the 
loftiest truths of science concur to put us in possession of an art; 


. and the Verification of this truth, which physics and chemistry 
have afforded before our e 


) Yes, will be repeated in the case of physi- 
ology when the Science has advanced as far, 7 


Having provided for acspecnlative view of physiology, we must 
a eck ieee into its object ; and, as the vital lawe: consti- 
ute the essential subject of biology, sve must becin 
by analysing the fundamental idea of 1 fe, d 
Before the time of Dichat, this idea was Wrapped in a mist of 
ae metaphysical abstractions ; and Bichat himself, after 
; having perceived that a efinition of life could be 
fouzded on nothing else than a general view of 


l I 1 phenomena proper 
living bodies, so far fell under the influence of the old philosophy 
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as to call life a struggle between dead nature and living TAN 
The irrationality of this conception consists especially in its sup- 
pressing one of the two elements whose concurrence is necessary to 
the general idea of life. This idea supposes, not only a béing sp 
_ organized as to admit of the vital state, but such an arrangement of 
external influences as will also admit of it. The harmony between 
the living being and the corresponding medium (as I shall calleiis 
environment) evidently characterizes the fundamental condition of 
life; whereas, on Bichat’s supposition, the whole environment of 
living heings tends to destroy them. If certain perturbations of 
the medium occasionally destroy life, its influence is, on the whole, 
preservative ; and the causes of injury and death proceed at least as 
often from necessary and spontaneous modifications of the organism 
as from external influences... M6reover, one of the main distinctions 
between the organic and the inorganic regions ig that inorganic 
phenomena, from their greater simplicity and generality are pro- 
duced@nder almost any external influences which admit of their 
existence at all; "while organic bodies are, from their complexity, 
and the variety of actions always proceeding, very closely dependent 
on the influences around them. And the^higher we ascend in the 
yanks of «organic bodies, the closer is this dependence, in proportion 
to the diversity of functions; though, as we must bear in mind, the 
power of the organism in modifying the influences of the medium 
rises in proportion. The existence of the being then requires a 
more complex aggregate of exterior circumstances ; but it is com- 
patible with wider limits of variation in each influence taken by 
itself, In the léwest rank of the organic hierarchy, for instance, 
we find vegetables and fixed animals which have no effect on the 
medium in which they exist, and which would therefore perish hy 
the slightest changes in it, but for the very small number of 
distinct exterior actions réquired by their life. At the other extremity 
we find Man, who can live only by the concurrence of the most 
complex exterior conditions, atmospherical “and terrestrial, under 
various physical and chemical aspects; but, by an indispensable 
compensation, he can endure, in all these conditions, much wider 
differences’ than inferior organisms could support because he has 
a superior power of reacting on the surrounding system. However 
great this power, it ie as contradictory to Bichat’ s view as his depend- 
ence on- the exterior world. But this nofion of Man's independence , 
of exterior nature, and antagonism to it, was natural in Bichat's 
case, when physiological considerations bore no relation to any 
hierarchy of organisms, and when Man was studied as an isolated 
existence. However, the radical vice of such a starting-point for 
such a study could not but impair the whole system 62 Bichat’s 
physiological conceptions ;-and we shall see how seriously the effects 
have made themselves felt. , xc 
Next ensued the abuse by philosophers, and especially in Germany, 
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ot the benefits disclosed by comparative anatomy. "They general- 
ized extravagantly the abstract notion of life yielded by the study of 
the aggregate of organized beings, making the idea of life exactly 
equivalent to that of spontaneous activity. As all natural bodies 


are active, in some manner and degree, no distinct notion could be : 


attached to the term; and this abuse must evidently lead us back 
` testhe ancient confusion, which arose from attributing life to all 
bodies. „T'he inconvenience of having two terms to indicate a single 
general idea should teach us that, to prevent scientific questious 
from degenerating into a contest of words, we must, carefully restrict 
the term lie to the only really living beings,—that is, those which 
are organized,—and not give it a meaning which would include all 
possible organisms, and all their modes of vitality. In this case, as 
in all primitive questions, the philosophers would have done wisely 
to respect the rough but judicious indications of popular good sense, 
which will ever be the true starting-point of all wise scientific 
speculation. oo. * 
I know of no other successful attempt to define life than that of 
De Blainvittés M. de Blainville, proposed in the introduction to his 


definition. . treatise on Comparative Anatomy. He characterizes 
life as the double interior motion, gener; 


i te otion, al and continuous, of composi- 
tion and decomposition, which iu fact constitutes its true universal 


nature. I do not see that this leaves anything to be desired, unless 
it be a more direct and explicit indication of the two correlative 
conditions of a determinate organism and a suitable medium. This 
criticism however applies rather to the formula than to the conception ; 
and the conditions are implied in the conceptior,—the conditions 
of an organism to sustain the renovation, and a medium to minister 
to the absorption and exhalation ; yet it might have been better to 
express them. With this modification, the definition is unexcep- 
tionable—enunciating the one phenomenen which is common to all 
living beings, and excluding all inert bodies. Here we have, in my 
view, the first elementary basis of true biological philosophy. 

It is true, this definition neglects the eminent distinction between 
the organic and the animal lite, and relates solely to the vegetative 
life; and it appears to violate the general principle of definitions — 
that they should exhibit a phenomenon in the case in which it is 
fnost, and not in that in which it is least developed. But the pro- 
posed definition is shown, by these very objections, to Test upon a 
due estimate of the whole biológical hierarchy : for the animal life 
is simply a complementary advancement upon the ogganic or funda- 
mental life, adapted to procure materials for it by reaction upon the 
external world, and to prepare or facilitate its acts by sensations, 
locomotien, ete., and to preserve it from unfavourable EE 
The higher animals, and Man. especially; are the only ones in which 
this relation is totally subverted, —the vegetative life beino an 
to support the animal, which is erected into the chief end and pre- 
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ponderant character of organic existence. But in Man himsel:, 
this admirable inversion of the usual order becomes comprehensible 
only by the aid of a remarkable development of intelligence and 
sociality, which tends more and more to transform the species 
artificially into a single individual, immense and eternal, endowed 
"with a constantly progressive action upon external nature. This is 
the only just view to take of this subordination of the vegetative,to 
the animal life, as the ideal type towards which civilized humanity 
incessantly tends, though it can never be fully realized. We shall 
hereafter show how this conception is related to the new funda- 
mental gciente which I propose to constitute : but in pure biology, 
the view is unscientific, and can only lead us astray, It is not with : 
the essential properties of humanity that biology is concerned; but. 
with the individual in his relatjon to other organic beings; and it 
must therefore rigorously méintain the conception of animal life 
being subordinated to the vegetative, as a general law of the organic 
realm gpd the only apparent exception to Which forms the special 
object of a wholly different fundamental science. It should be 
added that, even where the animal life is the most developed, the 
organic life, besides being the basis and the end, remains common 


8 E : tae is : 
to all the tissues, while, at the same time, it alone proceeds in a 


necessarily" continuous manner,—the animal life, on the contrary, 

being intermittent. ‘These are the grounds on which M. de 
Blainville’s definition of life must be confirmed, while, nevertheless, 

we may regard the consideration of animality, and even of humanity, 

as the most important, object of biology. 

This analysis ef the phenomenon of life will help us to a clear 
definition of the science which relates to it. We Definition of 
have seen that the idea of life supposes the mutual Biotogy. 
relation of two indispensable elements,—an organism, and a suitable 
mediùm or environment. It is from the reciprocal action of these 
two elements that all the vital phenomena proceed ;—not only the 
animal, but also the organic. It immediately follows that the 
great problem of positive biology consists in establishing, in the 
most general and simple manner, a scientific harmony between 
these two inseparable powers of the vital conflict, and the act which 
constitutes that conflict: in a word, in connecting, in both a 
general and special manner, the double idea of organ and mediunz 
with that of function, ‘Lhe idea of function is, in fact, as double as 
the other; and, if we were -treating of the natural history of vital 
beings, we must expressly consider it so: for, by the law of the 
equivalence of action and reaction, the organism must act on the 
medium as much as the medium on the organism. In treating of the 
hunian being, and especially in the social state, it would be necessary 
to use the term function in this larger sense: but at present there 
-will be little inconvenience in adopting it in its ordinary sens, 
signifying organic acts, independently of their exterior consequerfves 
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t Biology, then, may be regarded as having for its object the con- 
necting, in each determinate case, the anatomical and the physiological 
point of view; or, in other words, the statical and dynamical — This 

' perpetual relation constitutes its true philosophical character. Placed 
in a given system of exterior circumstances, a definite organism must 
always act in a necessarily detérminate manner; and, inversely, the 
same action could not be precisely produced by really distinct 
organisms. We may then conclnde interchangeably, the act from 
the subjees, or the agent from the act. The surrounding system 
being always supposed to be known, according to the ather funda- 
mental sciences, the double biological problem may be laid down 
thus, in the most mathematical form, and in general terms: Given, 

the organ or organic modification, to find the’ function or the acl 5 

and reciprocally. ‘Chis definition seems to me to fulfil the chief 

philosophical conditions of the science ; and especially it provides 

Tor that rational prevision; which, as has been so often said, is the 

end of all true science ; 'an end which abides through all thelegrees 

of imperfection which, in any science, at present prevents its attain- 

ment. It is eminently important to keep this end in view in a 

science so intricate as this, in which the multitude of details tempts 

to a fatal dispersion of efforts upon desultory researches. Nó one 
disputes that the most perfect portions of the science are those in: 
which prevision has been best realized; and this is a sufficient 
justification of the proposal of this aim, whether or not it shall ever 
be -fully attained. My definition excludes the old division between 
anatomy and physiology, because I believe that division to have 
marked a very early stage of the science, and -to be no longer 
sustainable. It was by the simple and easy considerations of 
anatomy that the'old metaphysical view was discredited, and posi- 
tivity first introduced into biology: but that service once accom- 

plished, no reason remains for the separation ; and che division, in . 

fact, is growing fainter every day. 

Not only does my definition 

from physiology ; it joins to it a 


abstain from separating anatomy 
nother essential part, the nature of 
which is little known. Tf the idea of life is really inseparable from 
that of organization, neither can be severed, as we have seen, from 
that of a medium or environment, in a determinate relation with 
them. Hence arises a third elementary aspect; viz, the general 
theory of organic media, and of their action upon the oreanism 
abstractedly regarded. This is what the Germ v] : 


an philos i 
our day confusedly asserted in their notion of an intepedit anne 
—of air and water,—uniting the inorganic and organic worlds: and 
this is what M. de Blainville had in view in what he called an 
study of exterior modifiers, general and special, Unhappily, this 
portion which, after anatomy proper, is thé most indis eue 
preliminary of biology, is still so obscure and imperfect that dw 
Physiologists even suspect its existence, en 
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The definition that I have proposed aids us in describing rt 
only the object or nature of the science, but its subject, or domait?: 
for, according to this formula, it is not in a single organism, but in 
all known, and even possible organisms, that biology must.endea- 
your to establish a constant and necessary harmony between ifte 
anatomica} point of view and the physiological. This unity of 
subject is one of the chief philosophical beauties of biology ; and, 
in order to maintain it, we must here avow that, in the midst of fn 
almost infinite diversity, the study of man must alway? prevail, 
and rule all the rest, whether as starting-point or aim. Our hope, 
in studying*sther organisms, is to arrive at a more exact knowledge 
of Man: and again, the idea of Man is the only possible standard 
tò which we can refer other organic systems. In this sense, and in 
this only, can the point of view of the antiquated philosophy be 
sustained by the deeper philosophy which is taking its place. Such 
is, then, the necessary consolidation of all the parts of biological 
science, notwithstanding the imposing vastness of its rational 
domaifi: 

' As for the means of investigation in this science,—the first 
observation that occurs is that it, affords a striking’ areans ofin- 
confirmation of the philosophical law before laid vestigation. 
down, of the inevitable increase of our scientific resources in pro- 
+ portion to the complication of the phenomena in question. If 
biological phenomena are incomparably more complex than those 
of any preceding science, the study of them admits of the most 
.' "extensive assemblage, of intellectual means (many of them new) 
and develops human faculties hitherto inactive, or known only 
in a rudimentary state. The logical resources which are “thus 
obtained will be exhibited hereafter. At present, we must notice 
the means of direct^exploration and analysis of phenomena in this 
s scienee. » a : 

First, Observation acquires a new extension. Chemistry ad- 
mitted the use of all the five senses; but biology is, 
in this respect, an advance upon chemistry. We 
can here employ an artificial apparatus to perfect the natural sen- 
sations, and especially in the case of sight. Much needing precau- 
tion in the use, and very subject to abuse, as is this resource, it 
will always be eagerly employed. In a statical view, Artificial” 
such an apparatus helps us to a much better estimate apparatus. 
of a structure whose least perceptible details may acquire a primary 
imporüfnce, in various relations: and, even in the dynamical view, 
though much le&s favourable, wê are sometimes enabled by these arti- 
ficial means to observe directly the elementary play of the smallest 
organic parts, which are the ordinary basis of the principal vital 
phenomena. Till recently, these aids were limited to the sense of 
sight, which here, as everywhere else, is the chief agent of scientifié 
observation, But some instruments have been devised in our Way». 


OBSERVATION, 
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ud assist the hearing ; and, though invented for pathological inves- 
tigations, they are equally fit for the study of the healthy organism. 
‘Though rough at present, and'not to be compared to microscopic 
apparatus, these instruments indicate the improvements that may 
ye made hereafter in artificial hearing. Moreover, they suggest, 
by analogy, that the other senses, not excepting even touch, may 
admit of such assistance, hinted to the restless sagacity of explorers 
by a better theory of the corresponding sensations. 
Next, vo biologist has an advantage over the chemist in being 
Chemicat able to employ the whole of chemical procedures, as 
exploration. a sort of new power, to perfect the preliminary ex- 
ploration of the subject of his researches, according to the evident 
rule of philosophy that each doctrine may be converted into a 
method with regard to those that follow it in the scientific hierarchy ; 
but never with regard to those whicn precede it. In anatomical 
observations, especially, as might be foreseen, a happy use is made 
of chemical procedure, to characterize with precision the, differ- 
ent elementary tissues, and the chief products of the organism. In 
physiological observations also, though they are less favourable 
to the use of such means, they are of real and notable efficacy, 
—always supposing, in both cases, that they are used under the 
guidance of sound philosophy, and not overcharged with the 
minute numerical details which too often burden the chemical 
analyses of the organic tissues. One more resouree may be men- 
tioned, which was often employed by Bichat to make up for the 
absence or imperfection of chemical tests; the examination of 
alimentary effects,—the substances which immediately compose 
organized bodies being, usually, by their nature, more or less fit 
for nutrition. In an anatomical view, this study may become a 
useful complement of the other means of investigation. 1 
Proceeding to the second class of means,— Experiment cannot 
Exrmnnmyr, , DUt be less and less decisive, in proportion to the com- 
plexity af the phenomena to be explüred : and there- 
fore we saw this resource to be less effectual in chemistry than in 
physics; and we now find that it is eminently useful in chemistry 
in comparison with physiology. In fact, the nature of the pheno- 
mena seems to offer almost insurmountable impediments to any 
extensive and prolific application of such a procedure in biology. 
These phenomena require the concurrence of &o large a number of 
distinct influences, external and internal, which, however diverse, 
are closely connected with each other, and yet within narrow ]units, 
that, however easy it may be to disturb or suspend tlie process under 
notice, it is beyond measure difficult to effect a determinate pertur- 
bation. Jf too powerful, it would obviate the phenomenon: if too 
feeble, it would not sufficiently mark the artificial ‘case. And, on 
the other hand, though intended and directed to modify one only 
vt the phenomena, it must presently affect several others, in virtue 
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of their mutual sympathy. Thus, it requires a highly philésophig\l 
spirit, acting with extreme circumspection, to conduct physiologic&l 
experiments at all; and it is no wonder if such experiments have, 
with a few happy exceptions, raised scientific difficulties greater 
than those proposed to be solved,—to say nothing of those innuméle- 
able experjments which, having no definite aim, have merely encum- 
bered the science with idle and unconnected details. 

Tn accordance with what has been said of the mutual relations of 
tle organism and its environment; we must bear in mind «hat ex- 
periments in physiology must be of two kinds. We must introduce 
determinatéserturbations into the medium as well as the organism ; 
whereas the latter process has alone been commonly attempted. If 
itis objected that the organism must itself be dis- By affecting 
turbed by such affection `of the medium, the answer the organism. 
is that the study of this = saction is itself a part of the experiment. 
It should be remarked that experimentation on dhe organism is 
mych the less rational of the two methods, because the conditions 
of expttiment are much less easily fulfilled. ‘Lhe first rule, that the 
change introduced shall be fully compatible with the existence of the 
phenomenon to be observed, is rendered often impracticable by the 
incompatibility of life with much alteration of the organs : and the 
second rülo,—that the two compared cases shall differ under only 
one point of view,—is bafiled by the mutual sympathy of the organs, 
which is very different from their harmony with their environment. 
Tn both lights, nothing can be imagined more futile in the way of 
"experiment than the practice of vivisection, which is the commonest 
of all Setting gside the consideration of the cruelty, the levity, 
and the bad moral stimulus involved in the case, it must be pro- 
nounced absurd ;efor any positive solution is rendered impossible 
by the induced death of a system eminently indivisible, and ‘the 
universal distüybance of the organism under its approach. 

The second class of physiological experiments appears to me 
much more pronzising ;—that in which the system of By afecting 
exterior circumstances is modified for a determinate the medium. — 
purpose. Scarcely anything has been done in this direction beyond 
some incomplete researches into the action of artificial atmospheres, 
and the comparative influence of different kinds of alimentation. 


‘We are here better able to circumscribe, with scientific precision. 


the artificial perturbation we produce; we can control the action 
upon the organism, so that the general disturbance of the system 
may wifect the observation very slightly; and we can suspend the 
process at ple: ure, so as to allow the restoration of the normal 
state before the organism lias undergone any irreparable change. 
It is easy to see how favourable, in comparison, these conditions are 
to rational induction. Ard to these considerations may be added 
the one more, that under fais method we can observe varying states 


„in one individual; whereas, under the practice of vivisection we 
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Mie to observe the normal state in one individual, and the artificial 
ix another. ‘Thus we are justified in our satisfaction that the least 
violent method of experimentation is the most instructive. 
As to the application of experiment in the various degrees of 
"Comparative the biological scale ;—it 1s easiest in the lower order 
experiment. — of organisms, because their organs are simpler and 
fewer, their mutual sympathy is less, and their environment is 
more definite and less complex; and these advantages, in my 
opinion, yore than compensate for the restriction of the field of ex- 
periment. It is true, we are remote from the human type, which is 
the fundamental unity of biology; and our judgment is thes impaired, 
especially with regard to the phenomena of animal life: but, on the 
other hand, we are all the nearer to the scientific constitution proper 
to inorganic physics, which I consider to be the ultimate destination 
of the art of experiment. ‘Lhe advantages at the other end of the 
scale are that ths higher the organism, the more is it susceptible of 
modification, both from its own complexit; 


y and from the greater 
variety of external influences involved ;—every advantage Uringing 
with it, as we have seen, an increase of difficulty. 


No one will suppose, I trust, that from anything I have said I 
have the slightest desire to undervalu 


a j 1 ne the use of experiment in 
biology, or to slight such achievements as Harvey’s experiments 
on circulation; Haller's on irritability; part of Spallanzani’s 
on digestion and generation; Bichat's „on the triple harmony. 
between the heart, the brain, and the lungs in the superior 
animals; those of Legallois on animal heat; and many analogous 
efforts which, seeing the vast difficulty of the subject, may rival the 
most perfect investigations in physics. My object is simply to 
rectify the false or exaggerated notions of the capacity of the experi- 
mental method, misled by its apparent facility te-suppose it the best 
method of physiological research ; which it is not. One considera- 
tion remains in this connection; the consideration of the high 
Scientific destination of pathological investigation, regarded as 
offering, in biology, the real equivalent of experimentation, properly 
so called. 

Precisely in the case in which artificial experimentation is the 

Pathologicat most difficult, nature fulfils the conditions for us; 
3 pretigata and it would surely be mistaking the means for the 
end to insist on introducing into the organism ‘perturbations of our 
own devising, when we may find them taking place without that 
additional confusion which is caused by the use of artificial methods. 
Physiological phenomena lend themselves remarkalfy to that spon- 
taneous experimentation which results from a comparison of the 
normal and abnormal states of the organism, The state of disease 
is not a tadically different condition from that of health. ‘The 
pathological condition is to the physiological simply a prolongation 

the limits of variation, higher or lower, proper to each phenomenon i 


à 
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of the normal organism ;, and it can never produce any entirely nev 
phenomenon. ‘Therefore, the accurate idea of the physiological state 
is the indispensable ground of any sound pathological theory; and 
therefore, again, must the scientific study of pathological phenomena 
be the best way to perfect our investigations into the normal staté. 


* "Phe gradual invasion of a malady, and the slow passage from an 


almost natural condition to one of fully marked disease, are far from 
being useless preliminaries, got rig of by the abrupt introduction f 
what may be called the violent malady of direct experiezént: they 
offer, on the contrary, inestimable materials to the biologist able to 
put them tõuse. And so it is also in the happy converse case, of 
the return, spontaneous or contrived, to health, which presents a sort 
Of verification of the primitive analysis. Moreover, the direct exami- 
nation of the chief phenomenon js not obscured, but much elucidated, 
by this natural process. Ahd again, it may be applied directly 
to Man himself, without prejudice to the pathology of animals, and 
even pf vegetables. We may enjoy our power of turning our 
disasters to the profit of our race: and we cannot but deplore the 
misfortune that our great medical establishments are so constituted 
as that little rational instruction is obtained from them, for want of 
complete observations and duly prepared observers. 

Here, ag elsewhere, the distinction holds of the phenomena be- 
longing to the organism or to the medium ; and here, as before, we 
find the maladies produced from without the most accessible to in- 


„quiry. Pathological inquiry is also more suitable than experimental, 


io the whole biological series: and thus it answers well to extend 
our observationsethrough the entire hierarchy, though our object 
may be the study of Man; for his maladies may receive much light 
from a sound analysis of the derangements of other organisms,—even 
the vegetable, as We shall see when we treat of the comparative 
process. ON ed sr I. F 

Again, pathological analysis is applicable, not only to all organ- 
isms, but, to all phenomena of the same organism ; whereas direct 
experimentation is too disturbing and too abrupt to be ever applied 
with success to certain phenomena which require the most delicate 
harmony of a varied system of conditions, or instance, the obser- 


` yation of the numerous maladies of the nervous system offers us a 


special and inestimable means of improving our knowledge of the 
Jaws of. intellectual and moral phenomena, imperfect as are yet our 
qualifications for using them. There femains one other means of 
knowledge under this head; the examination of exceptional organi- 
zations, or’ cases of monstrosity. As might be anticipated, these 
organic anomalies were the last to pass over from the gaze of a 
barren curiosity to the investigation of science; but we are now 
learning to refer them to the laws of the regular organism, and to 
subject them to pathological procedures, regarding such exceptions 


as true maladies, of a deeper and more obscure origin than otfiers; 
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id of a more incurable nature ;—considerations which, of course, 
reduce their scientific value. This resource shares with pathology 
the advantage of being applicable through the whole range of the 

jologieal system. : $ 
PRE TE y to insist that, in either method of experimen- 
tation, direct or indirect, artificial or natural, the elementary rules 
should be kept in view ; first, to have a determinate aim ; that is, 
to seek to illustrate an organic phenomenon, under a special aspect ; 
and, secoi?ly, to understand beforehand the normal state, and its 
limits of variation. In regard to the more advanced sciences, it 

would seem puerile to recommend such maxims as these ; but we 
must still insist on them in biology. It is through neglect of them 
that all the observations yet collected on the derangements of the 
intellectual and moral phenomena have yielded scarcely any know- 
ledge of their laws. hus, whatever^may be the value of the most 
suitable method"of experimentation, we must ever remember that 
here, as elsewhere, and more than elsewhere, pure observation must 
always hold the first rank, as casting light, primarily, on the whole 
subject, which it is proposed to examine afterwards, as a special 


study, with a determinate view, by the method of experimentation. 


In the third Riace we have to renie the method of Comparison, 
, Which is so specially adapted to the study of livine 
OE TIBOR: bodies, and is which, abord all others, dd study 
must be advanced, In Astronomy, this method is necessaril 
inapplicable: and it is not till we arrive at Chemistry that this 
third means of investigation can be used ; and then, only in subor- 
dination to the two others. It is in the study, both statical and 
dynamical, of living bodies, that it first acquires its full develop- 
menti; and its use elsewhere can be only through its application 
lero. A 
‘The fundamental condition of its use i 
subject, in combination with a great div 
According ‘to the definition of life, 
realized in the 
The whole syste 


sthe unity ef the principal 
ersity of actual modifications. 
this combination is eminently 
study of biological phenomena, however regarded. 
m of biological science is derived, as we have seen, 
from one great philosophical conception ; the necessary correspon- 
dence between the ideas of organization and those of life. There 
cannot be a more perfect fundamental unity of subject than this ; 


and it is unnecessary to insist upon the almost indefinite variety of 
its modifications,—staticaPand-dynamical. In a purely anatomical 


view, all possible organisms, all the parts of each organism and all 
the different states of each, necessarily present a commen basis 
of structure and of composition, whence proceed successively the 
different secondary organizations which constitute tissues organs 
and systems of organs, more or less complicated. Tn the same way, 
in a physiological view, all living beings, from vegetable to man, 
vorfsidered in all the acts and periods of their existence, are endowed 


e 
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with a cerlain common vitality, which is a necessary basis of the 
‘innumerable phenomena which characterize them in their degrees. 
Both these aspects present as most important, and really funda- 
mental, what there is in common among all the cases ; add their 
particularities as of less consequence ; which is in accordance with 
the great prevalent law, that the more general phenomena overrule 
the less. Thus broad and sound is the basis of the comparative 
method, in regard to biology. — 9 E 
At the first elance the immensity of the science is overwhelming 
to the understanding, embracing as it does all organic and vital 
cases, which if appears impossible ever to reduce within the com- 
* pass of our knowledge: and no doubt, the discouragement hence 
arising is one cause of the backwardness of biological philosophy. 
Yet the truth is that this verysmagnitude affords, not an obstacle, 
Dut a facility to the perfecting of the science, by means of the lumi- 
nous comparison which results from it, when once the human 
intndebccomes familiar enough with the conditions of the study 
io dispose its materials so as to illustrate each other. The science 
could make no real progress while Man was studied as an isolated 
subject. Man must necessarily be the type; because he is the 
most complete epitome of the whole range of cases: Man, in his 
adult and normal state, is the representative of the great scientific 
unity, whence the successive terms of the great biological series 
recede, till they terminate in the simplest organizations, and the 
a most imperfect, modes of existence. But the science would remain 
in the most defective*state in regard to Man himself, if it were not 
yursued through’a perpetual comparison, under all possible aspects, 
of the first term with all inferior ones, till the simplest was reached : 
and then, back again, through the successive complications which 
occur between the lowest type and the highest. This is the most 
general, the fost certain, the most effectual method of studying 
physiological as,well as anatomical phenomena. Not only is there 
thus a greater number of cases known, But each case is much 
better understood by their approximation. This would not be the 
case, and the problem would be embarrassed instead of simplified, 
if there were nota fundamental resemblance among the whole series, 
accompanied by gradual modifications, always regulated in their 
course: and this is the reason why the comparative method is 
appropriate to biology alone, of all the sciences, except, as we shall 
sce hereafter, in social physics. ; x 
Complete ayd spontaneous 88 this harmony really is, no philos- 
opher can contemplate without admiration the eminent art by 
which the human mind has been aided to convert into a potent 
means what appeared at first to be a formidable difficulty: I know 
no stronger evidence of «he force of human reason than such a 
{ransformation affords. And in this case, as in every other in 
which primordial scientific powers are concerned, it is the work 
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of the whole race, gradually developed in the course of ages, and 


not the original product of any isolated mind,—however some * 


moderns may be asserted to be the creators of comparative biology. 
Betweén the primitive use that Aristotle made of this method in 
the easiest.cases,—as in comparing the structure of man’s upper 
and lower limbs,—to the most profound and abstract approxima- 
tions of existing biology, we find a very extensive series of inter- 
mediate, states, constantly progressive, among which history can 
point ont ridividually only labours which prove what had been the 
advance in the spirit of the comparative art at the Copresponding 
period, as manifested by its. larger and more effectual application. 
It is evident that the comparative method of biologists was no 
more the invention of an individual than the experimental method 
of the physicists. B. * 1 

Five kinds of „There are five principal heads under which bio- 

comparison.  locrical comparisons are to be classed. Vv 

1. Comparison between the different parts of the same orgenisin. 

2. Comparison between the sexes. 

3. Comparison between the various phases presented by the 
whole of the development. 

4. Comparison between the diffe 
species. 

5. Lastly, and pre-eminently, Comparison betw 
organisms of the biological hierarchy. 

It must be understood that the organism is alw: 

posed in a normal state. When the laws of that state are 
fully established, we may pass on to pathological comparison, 
which will extend the scope of those laws: but we are not yet 
advanced enough in our knowledge of normal epnditions to under- 
take anything beyond. Moreover, though comparative pathology 
would be a necessary application of biological sciénee, it cannot 
form a part of that science, but rather belongs to the future medical 
Science, of which it must form the basis—Again, biological com- 
parison can take place only between the organisms, and not between 
them and their medium: When such comparison comes to be 
instituted, it will be, not as biological science, but as a matter 
of natural history. 
"^ The spirit of biological comparison is the same under all forms. 
It consists in regarding all cases as radically analogous jn respect 
to the proposed investigation, and in representing their differences 
as simple modifications of an abstract type; so that secondary 
differences may be connected with the primary according to DR 
laws; these laws constituting the biological philosophy by which 
each determinate case is to be explained. If the'question is anato- 
mical, Man, in-his adult and normal state, is taken for the funda- 
mental unity, and all other organization 


y : rgan S as successive simplifica- 
tons, descending from the primitive type, whose essential features 


rent races or varieties.of each 


een all the 


ays to be sup-. 


a 


KINDS OF COMPARISON. gir 


will be found in the remotest cases, stripped of all complication. 
Tf the question is physiological, we seek the fundamental identity 
of the chief phenomenon which characterizes the function proposed, 
amidst the graduated modifications of the series of comparative 
cases, till we find it isolated, or nearly so, in the simplest case 6f 


| t-gll; and thence we may trace it back again, clothed in successive a 


complications of secondary qualities. Thus, the theory of anglo- 
gous existences, which has been offered as a recent innovation? is 
only the necessary principle of the comparative metód, under 
anew name. It is evident that this method must be of surpassing 
yalue When philosophically applied: and also that, delicate as it is, 
- gnd requiring extreme discrimination and care in its estimate and 
use, ib may be easily converted into à hindrance and embarrassment, 


by giving occasion to vicious speculations on analogies which are 
only apparent. i a $ 

Of the five classes specified above, three only are so marked as to 
requisa 2 notice here: the comparison between the different parts 
of the same organism ; between the different phases of each ` 
development; and between the distinct terms of the great hierarchy 
of living bodies. ; ; 

The method of comparison began with the first of these. Look- 
ing no further than Man, no philosophical mind can : 

D : v 3E Comparison 
thelp being struck by the remarkable resemblance of parts of ` 
that his different chief parts bear to each other in Me same, 

» many respects,—both as to structure and function. ` j 
First, all the tissuespall the apparatus, in as far as they are organ- 
ized and living? offer those fundamental characteristics which are 
inherent in the very ideas of organization and life, and to which the 
lowest organisnis are reduced. But, in a more special view, the 
analogy of the organs* becomes more and more marked as that of ` 

: the function$ is so; end the converse; and this often leads to 
]uminous comparisons, anatomical and ph rsiological, passing from 
the one to the other, alternately. This original and simple method 
of comparison is by no meaus driven out by newer processes, It 
was thus, for instance, that Bichat, whose subject was Man only, 
and adult Man, discovered the fundamental analogy between the 
eous and the cutaneous systems, which has yielded so much 
advantage to both biology and pathology. And again, with all M. 
de Blainville's mastery of the principle of the comparative method, 
we cannot doubt the sufficiency of the alysis of the human organ- 
ism to establish the resemblance he exhibited between the skull and 
the other elements of the vertebral column. 

A new order of resources presents itself when we compare the 
different phases of the same organism. Its chief cr phases of 
valueis in its offering, on & small scale, and, as if were, the sume or-. 

i ùnder one aspect, the whole series of the most marked TUO MM 
organisms of the biological hierarchy ; for it is obvious thét the 


E DONIS of the highest organism must present the essential 


inferiow term in the superior organism. Such an analysis of ages 


. enough to establish, without confirmation, the nafüre and 
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aracters of the complete state of the lowest ; and thus successively, . 
Sues however, compelling us to find the counterpart of every 


unquestionably offers the property of realizing in an individual 
that successive complication of organs and functions whith charac- 
terizes the biological hierarchy, and which, in this homogeneous 
and compact form, constitutes. a special and singular order of 
-luminous comparisons. Useful through all degrees of the scale, it 
is evidently most so in the case of the highest type, the adult Man, 
as the interval from the origin to the utmost complexity is ‘in that 
case the greatest. It is valuable chiefly in the visible ascendant 
period of life; for we know very little of the foetal period ; and the 
declining stage, which is in fact only a gradual death, presents 
little scientific interest: for, if there are many ways of living, there 
is only one natural way of dying. The rational analysis of death, 
however, has its own importance, constituting a sort of general 
corollary, convenient for the Verification of the whole body of 
biological laws. 
The popular notion of comparative biology 
Of diferent — wholly of the last of the meth 
gece and this Shows how pre-emin 
the popular exaggeration however being mischievon 
the origin of the art, The peculiarity of this largest application 
Consists in its being founded on a very protracted comparison of a, - 
very extensive series of analogous cases, in which the modification 
proceeds by almost insensible graduated declension. The two 
more restricted methods could not offer a series of cases extensive 


value of 


the comparative method, though, that point? once fixed, they may s 


then eome into unquestionable use, As fop the valu@of the largest 
‘pplication, it demonstrates itself There is clearly, no structure or 
function whose analysissmay not be perfected by an examination of 
what all organisms offer in common.with regard to that structure 
and function, and by the simplification effected by the stripping 


away of all accessory characteristics, till the quality sought is found 
alone, from whence t] 


3 l6 process of reconstruction can begin. It 
aay) even b fairly said that no anatomical agrangement, and no 
physiologica Phenomenon, can be really understood till the abstract 
notion of its principal 


\ ; al eldinent is thus reached, by successiye] 
attaching to it all Secondary ideas, in the rational ados pieced, 


by their greater or less Persistence in the organic series. Such a 
Method seems to me to offer, in biology, i 


J cal , l à philosophical charaçter 
very like mathematica analysis gen uinely applied ? when it presents 
as we have Seen, In every indefinite series c analogous cases, the 
essential part which is common to all 


et nmo; , and which was before hidden 
Wade the secondary specialities of each Separate case. It cannot 


ee 


. to A 
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be doubted that the comparative art of biologists will produce an 
equivalent result, up to a certain point; and especially, by the 
rational consideration of the organic hierarchy. 
This great consideration was at first established only in°regarg 
/; but it is yet more necessary in physiology, and not 
less applicable, except from the difficulty of that kind of observa- 
tion. In regard to physiological problems particularly, it should 
be remarked that not only all animal organisms, but the Henr 
also, should be included in the comparison.” Many“ important 
phenomena, and among others those of organic life, properly so 
called, cannot be analysed without an inclusion of the vegetable 
form of them. ‘There we see them in their simplest and most 
marked condition, for it is by the great act of vegetable assimila- 
tion that brute matter passes ?eally into the organized state, all 
ulterior transformations by means of the animal organization being 
much less marked, And thus, the laws of nutrition, which are of 
thé highest importance, are best disclosed by the vegetable organ- 
ism. ‘Lhe method is unquestionably applicable to all organs and 
all acts, without any exception ; but its scientific value diminishes 
as it is applied to the higher apparatus and functions of the supe- 
rior organisms, because these are restricted in proportion to their 
omplexity and superiority. "This is eminently the case with 
the highest intellectual and moral functions which below Man dis- 
appear almost entirely ; or, at least, almost cease to be recognizable 


below the first classes of the mammifers. We cannot but feel it to 


be an imperfection in the comparative method that it serves us 
Jeast where we afe most 1n need of all our resources ; but it would 
be unphilosophical to deprive ourselves, even in this case, of the 
lieht which is cast npon the analysis of Man as moral, by the study 
of the intellectual and dffective qualities of the superior animals, and 
ofall others Which present such attributes, however imperfect our 
management of ihe comparison may yet be. And we may observe 
that the «comparative method finds a partial equivalent in ihe 
[ is of ages,—thus rendered more clear, extensive, and 


rational analysi f : 
complete,—for the disadvantages which belong to the same stage 
, 


f the biological hierarchy. T Í j 
[n Thus T have presented the principal philosophical characters of 


the comparative method. It being the aim of biological study to 
ascertain the general laws of organic existence, it is plain that no 
course-of inquiry could be more favourable than that which exhibits 
organic cases as radically analogous, and deducible from each 
other. : 

This study of our means of exploration has shown that our Te- 
sources do indeed increase with the complexity of our subject. The 
two first methods—of Observation and Experiment—we have seen 
io acquire a large extension in the case of this science: while, the 
third, before almost imperceptible, becomes, by the nature of the 
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phenomena, wellnigh unbounded in its scope. We have oe 2 
examine the true rational Position of Biology in the hierarchy D 
the fundamental sciences; that is, its relation to those that prece B 
it; and to the one which follows it, in order to ascertain what kind ant 
degree of speculative perfection it admits of, and what preliminary 
training is best adapted to its systematic cultivation. By this 
inquiry we shall see why we are justified in assigning 10 it a place 
betweemchemistry and social science. 


Of the relation of Biology to social science, I need say litfle here, 
Relation of pi. 8 I shall have to speak of it at length in the next 
ology to other volume. My task will then be to Separate them, 
Sciences, rather than to establish their connection, which it is 
the tendency of our time to exag&erate, through the spontaneous 
development of natural philosophy. None but purely metaphysical 
philosophers would at this day persist in classing the theory of the 
human mind and of Society as anterior to the anatomieal and: 
physiological study of individual man. We may therefore regard 
this point as sufficiently settled for the present, and pass on to the 
relation of Biology to inorganic philosophy. 
It is to chemistry that Biology is, by its nature, most directly and 
To Chemistry, COMPletely subordinated. In analysing the pheno- 
~ menon of life, we saw that thefundamental acts which, 
by their perpetuity, characterize that state, consist of a series of 
compositions and decompositions; and they are therefore of a 
chemical nature. Though in the most imperfect organisms, vital 
reactions are widely separated from common chemical effects, it is 
noi the less true that all the functions of the proper organic life are 
` necessarily controlled by those fundamental laws of composition 
and decomposition which constitute the subject of chemical science. 
If we could conceive throughout the whóle scale the same separa- 
tion of the organic from the animal life that wersee in vegetables 
alone, the vital motion would offer only chemical cónceptions, 
except the essential circumstances which distinguish such an order 
of molecular reactions, The general source of these important 
differences is, in my opinion, to be looked for in the result of each 
chemical conflict not depending only on the simple composition of 
the bodies between which it takes place, bué being modified by 
their proper organization ; that is, by their anatomical structure. 
Chemistry must clearly furnish the starting-poit 


st. l 1t of every rational 
theory of nutrition, secretion, and, in short, all the functions of the 
vegetative life, considered Separately ; each of which is controlled 


by the influence of chemical laws, except for the Special modifica- 
‘tions belónging to organic conditions, Tf We now bring in again 
the consideration, discarded for the monent, of the animal life, we 
<Sce,that it could in no way alter this fundamental subordination, 
. though it must greatly complicate its actual application : for we 


t 
lave seen that the animal life, notwithstanding its vast importance, 
can never be regarded in biology otherwise than as destined to 
extend and perfect the organic life, whose general nature it cannot 


change. Such an intervention modifies, anew and largely, the 
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chemical laws of the purely organic functions, so as to render the 
effect very difficult to foresee; but not the less do these laws 
continue to control the aggregate of the phenomena. If, for instawge, 
a change in the nervous condition of a superior organism.disturbs 
a given secretion, as to its energy or even its nature, we cannot 
conceive that such an alteration can be of a random kind: such 
modifications, irregular as they may appear, are still submitted to 
the chemical laws of the fundamental organic phenomenon, which 
permit certain yatiations, but interdict many more. Thus, no com- 
plication produced by animal Jife can withdraw the organic functions 
from their subordination to the laws of compositign and decompo- 
sition. "This relation is so important, that no scientific theory 
couldebe conceived of in biology without it; since, in its absence, 
the most fundamental phenomena might be conceived of as 

susceptible of arbitrary variations, which would not admit of any 

i true law. When we hear, at this day, on the subject of azote, such 

j 9 doctrine as that the organism has the power of spontancously 
creating certain elementary substances, we perceive how indispen- 
sable it still is to insist directly on those principles which alone can 
restrain the spirit of aberration. 

» > Besides this direct subordination of biology to chemistry, there 
are relations of method between them. Observation and experi- 
mentation being’ much more perfect in chemistry, they serve as an 
admirable training for biological inquiry. Again, a special property 

Í. ‘of chemistry is its developing the art of scientific nomenclature ; 
| andit is in chemistry that biologists must study this important 
yart of the positive method, though it cannot, from the complexity 
of their science, be of so much scientific value as in chemistry. It 
is on themodel of the chemical nomenclatufe that those systematic 
denominations have been laid down by which biologists have 
classified the most simple anatomical’ arrangements, certain well- 
defined pathological states, and the most general degrees of the 
animal hierarchy : and it is by a continued pursuit of the same 
method that further improvements will be effected. : 
We thus see why biology takes its place next after chemistry, 
and-sehy chemical inquiries constitute a natural transition from the 
| inorganic to the organic philosophy. 
à T'he subordination of biology to Physics follows from its relation 
to Chemistry: but there are also direct reasons, mo Physi 
è Js d p 'o Physics. 
relating both to doctrine and method, why it should ° 
be so. nh i , 
As to doctrine,—it is clear that the general laws of one or more 
ranches of Physics must be applied in the analysis of any physio- 
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gi nomenon. This application is necessary in theexamination 
que ee in the first ME ; and the analysis of the. medium 
is required to be very exact, on account of the strong effect of its 
variatións on phenomena so easily modified as those of the organism. 
And next, the organism itself is no less dependent on those laws, 
relating as they do to weight, heat, electricity, etc. Tt fis obvious 
that if biology is related to chemistry through the organic life, it is 
related to physics by the animal hife—the most special and noble 
of the senzations, those of sight and hearing, requiring for, the 
starting-point of their investigation an application of optics “and 
acoustics. The same remark holds good in regard to the theory of 
utterance, and the study of animal heat and the electric properties 
of the organism. It remains to be wished that the biologists 
would study and apply these laws themselves, instead of committing 
the task to physicists: but they have hitherto followed too much 
the example of the physicists, who, as we have seen, have committéd 
the application of mathematical analysis in their own sciencado the 
geometers; whereas, it cannot be too carefully remembered that if 
the more general sciences are independent of the less general, which, 


on the other hand, must be dependent on them, the students of 
the higher must be unfit, in virtue of that ve 


apply them to a more complex science, who 
cannot sufficiently understand. If the ease w 
the intrusion of the geometers into physics, it 
regard to the intrusion of the physicists into bi 
the more essential difference in the nature 
biologists should qualify themselves for 


erve as a type for the 
ical considerations, 
* Chemistry however can furnish an almost 
imple observation. It is in experimentation 
find in physics a special training for their work, 
are found in the study of physics, and 
difficult in physiology, we see how impor- 
tant the contemplation of the best type must be to biolosists, 
Buch is the nature of the-dependence, as'to doctrine and mejhod, 
of biology on physics, We turn next to its relations with Astro- 
nomy ; and first, with regard to doctrine. : 
The relation of physiology to astronomy 
is usually supposed. I me 
the impossibility of undgr 
weight, and its effects upon the organism, 
Vion'of general gravitation, I mean, be 


1S more important than 
an something more than 
‘standing the theory of 
apart from the considera-. 
sides, and more specially, 


D 
To Astronomy. 


» 
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that it is impossible to form a scientific conception of the conditions 
of vital existence without taking into the account the aggregate 
astronomical elements that characterize the planet which is the home 
of that vital existence. We shall see more fully, in the next volume, `. 
how humanity is affected by these astronomical conditions; but wê 


* must cursorily review these relations in the present connection. 


The astronomical data proper to our planet are, of course, stati- 
cal and dynamical. "The biological importance of the statical con- 
ditions is immediately obvious. Wo one questions the émportance 
to vital existence of the mass of our planet in comparison with that 
of the sun, which determines the intensity of gravity ; or of its 


. form, which regulates the direction of the force; or of the funda- 


mental equilibrium and the regular oscillations of the fluids which 
cover the greater part of its su ‘face, and with which the existence 


of living beings is closely implicated ; or of its dimensions, which 
limit the indefinite multiplication of races, and especially the human ; 


„or of if: distance from the centre of our system, which chiefly deter- 


mines ils temperature. Any sudden change in one or more of these 
conditions would largely modify the phenomena of life. But the 
influence of the dynamical conditions of astronomy on biological 
study is yet more important. Without the two conditions of the 
fixity of "tlie poles as a centre of rotation, and the uniformity of the 
angular velocity of the earth, there would be a continual perturba- 
tion of the organic media which would be incompatible with life. 
Bichat pointed out that the intermittence of the proper animal life 


is subordinate in its periods to the diurnal rotation of our planet ; 


and we may extend the observation to all the periodical phenomena 
of any organism, in both the normal and pathological states, allow- 
ance being made for secondary and transient influences. , Moreover, 
there is every reason to believe that, in every organism, the totdl 
duration of life and of its,chief natural phases depends on the angu- 
lar velocity proper to our planet; for we are authorized to admit 
that, other things being equal, the duration 9f life must be shorter, 

mal organism, in proportion as the vital pheno- 


especially in the ant i 
: X l each other more rapidly. If the earth were to rotate 


mena succeec l ily. 
much faster, the course of physiological phenomena would be 
accelerated in proportion ; and thence life would be shorter ; so that 
the duration of life may be regarded as dependent on the duratior 
of the day. If the duration of the year were changed, the life of 
the organism would again be affected abut a yet more striking 
consideration is that vital existence 1s absolutely implicated with 
the form of thé earth’s orbit, as has been observed before. If that 
ellipse were to become, instead of nearly circular, as eccentric as 
the ‘orbit of a comet, both the medium and the organism would 
undergo a change fatal to, vital existence. ‘Thus the small eccen- 
tricity of the earth’s orbit is one of the main conditions of biological 
phenomena, almost as necessary as the stability of the earth’s fotas 
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S a every other element of the annual motion exercises an 
tree eee less marked, on biological conditions, though nof; 
so great as the one we have adduced. The inclination of the plane 

- ot the orbit, for instauce, determines the division of the earth into 
climates, and, consequently, the geographical distribution of living 
species, animal and vegetable. And again, through the alternation 
of seasons, it influences the phases of individual existence in all 
organisms ; and there is ‘no doub that life would be affected if- the 
revolution -9f the line of the nddes were accelerated; so that its 
being nearly immovable has some biological value, These con- 
siderations indicate how necessary it is for biologists to’ inform 
themselves accurately, and without any intervention, of the real 
elements proper to the astronomical constitution of our planet. An 

inexact knowledge will not suffice. , The ] Y 

ation of the different elements, or, ai least, a scientific analysis of 

the chief grounüs of their permanence, are essential to biological 
investigation ; and these can be obtained only through an agquaint- 
ance with astronomical conceptions, both geometrical and me- 
chanical. 

It may at first appear anomalous, and a breach of the ency- , 
clopedical arrangement of the Sciences, that; astronomy and biology ' 
should be thus immediately and eminently cor 


j und. nnected, while fwo other 
sciences lie between, But, indispensable as are physics and chemi- 
stry, astronomy and biology are, by their nature, the two principal 


branches of natural philosophy. They, the complements of each 
other, include in their rational harmony the general system of our 
fundamental conceptions. The solar. system and Man are the 
extreme terms within which our ideas will for ever be included. 
The system first, and then Man, according to the positive course of 
Our speculative reason: and the reverse in the active process: the 
laws of the system determining those of Man, and remaining un- 
affected by them. Between these two poles of natural philosophy the 
laws of physics interpose, as a kind of complement of the astronom- 
ical laws ; and again, those of chemistry, as an immediate preliminary 
of the biological. Such being the rational ind indissoluble constitu- 
tion of these Sciences, it becomes apparent why I insisted on the 
subordination of the study of Man to that of the system, as the 
primary philosophical characteristic of positive biology, 
Though in the infancy of the human mind, when it w. 
theological state, and in i^ youthful metaphysical Stage, the order 
of these sciences was reversed, there was a préparation for the "true 
view. "Through all the fanciful notions of the anc 
about the physiological influence of tl Iscern a strone 
though yague perception of Some connection 
Celestial phenomena. Like all primitive intuit; 
Standing, this one needed only rectification by i 
ophy; under the usual condition, however. 
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overthrown in order to be reorganized. But modern students, 
finding no astronomical conditions in the course of their anatomical 
and physiological observations, have discarded the idea of them 
altogether, —as if it were ever possible for facts to bear immediate 
testimony to. the conditions without which they could not exist, and 


» which do not admit of a moment's suspension! Such an order 


of primitive conditions is however now established beyond dispute. 
In order to prevent any return to vicious or exaggerated notions 
about the physiological influence ¥f the stars, it is enopgh®to bear 
in mind two considerations: first, that the astronomical conditions 
of vital existence are comprised within our own planetary system; and 
secondly, that they relate, not directly to the organism, but to its 
environment, affecting as they do the constitution of our globe. 

In regard to method,—the importance of astronomical study 
to biologists consists, as in other cases, in its offering the most 
perfect model of philosophizing on any phenomerf whatever; the 
importance of this example becoming greater in proportion to the 
complexity of the subordinate science, on account of the stronger 
temptation to discursive and idle inquiries offered by the latter. 
The more difficult their researches become, the more sedulous 
should physiologists be to refresh their positive forces at the source of 
positive knowledge ; and, in the contemplation of the few general 
and indisputable conceptions which constitute this lofty science, to 
be on their guard against the baseless notions of a vital principle, 
vital forces, and entities of that character. Hitherto, all advance 
‘in positivity in biology, has been obtained at the expense of its dignity, 
which has always, been implicated with an imaginary origin of life, 
of sensibility, etc.: but when physiologists have learned from their 
study of gravitation and other primary laws how to confine them- 
selves to true science, their subject will rise to the highest elevation 
that spositivity, admits of,—that rational prevision of events which 
is, as I have so often said, the end of true science:—an end to be 
aimed at in biology, as it is perfectly fulfilled in astronomy. 

‘ Here, to, must biologists learn the character of sound scientific 
hypothesis. ‘This method is eminently wanted in so complex a 
study as physiology ; but it has been as yet used with very little 
effect. ‘I'he way is, undoubtedly, to determine the organ from the 
function or the function from the organ. It is permissible tc 
form the most plausible hypothesis as to the unknown function of 
a given organ, or the concealed organ of a manifest function, If 
the ‘supposition be in harmony with existing knowledge, if it be 
held provisionally, and if it be capable of a positive verification, it 
may contribute to the progress of discovery, and is simply a use of 
a richt of the human mind, exercised as in astronomy. ., The only 
eminent example known to me of sound hypothesis in biology is 
that of M. Broussais, in proposing the mucous membrane of the 
alimentary canal as the seat of -so-called essential fevers. Whether 
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he was mistaken or not, is not the question. His hypothesis being 
open to unquestionable confirmation or subversion, it gave a gr eat 
impulse to the study of pathology in a positive manner: and it 
will stend in the history of the human mind, as the first example 
ot the spontaneous introduction of a. sound hypothetical method 
into the positive study of living beings: a method deriveil from the - 
region of astronomy, j 
“Tt remains to consider the relation of biology to mathematics. 

‘The éneyoachments of the pute geometers upon the domain of 

To Mathe- — biology have been attended with the same mischief, 

matics, ut in an aggravated form, that we have Witnessed 
in the case of other Sciences. This mischief has led physiologists 
to repudiate mathematics altogether, and open an impassable guif 

etween themselyes and the geometers. This is a mistake ; inas- 
much as their seience Cannot be severed from that which is the 
asis of the whole of natural philosophy ; and it is only through 
the admission of this that they can maintain the originality and 
independence of their Scientific labours, The rational study of 
nature proceeds on the ground that all phenomena are subject to 
invariable laws, which it is the business of philosophical specula- 
tion to discover. It is needless to prove that on any other supposi- 
tion, science could not exist, and our collecti 

no result. In the phenomena of living bodies 
every action proceeds according to precise, that is, mathematical 
laws, which we should ascertain if we could study each phenomenon 
by itself. ‘he phenomena of the inorganic world are, for the most 
part, simple enough to be calculable: those of the organic world are 
loo complex for our management : but this has nothing to do with 
any difference in their nature. And this is the view which both 
geometers and biologists should bear in mind, 

f in astronomy our calculations are baffled when xy 
two or three essential conditions, it is evident, how 
they must be amidst the inextricable complic. 
And again, this complexity prevents our eve 

+ tical disclosure of the elementary laws» 
excludes all idea of this method of philosophizi Sy 5 
these laws are no otherwise accessible than by the immediate 
analysis of their numerical effects, Now, whichever way vit: 
mena are looked at, they present such endless and incessant 
in their numbers, that Seometers are baffled as completely as if 
those degrees Were entirely arbitrary. Even numerical chemistry is 
inapplicable to bodies whose molecular composition Vaties incessantly 


variations 


direct and indirect, Into a domain whic} 
Cultivate, the physiologists are not thé 
“way from. mathematics altogether, It ls nof 


à 
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mathematies they could not receive their due preliminary training 
in the intervening sciences: it is further necessary for them to have 
geometrical and mechanical knowledge, to understand the structure 
and the play of the complex apparatus of the living, and especially 
the animal organism. Animal mechanics, statical and dynamical, 
must be unintelligible to those who are ignorant of the general laws 
of rational mechanics. The laws of equilibrium and motion are,,as 
we saw when treating of them, absolutely universal in their actioh, 
depending wholly on the energy, ahd not at all on the reture of the 
forces considered : and the only difficulty is in their numerical appli- 
cation iit casts of complexity. Thus, discarding all idea of a numer- 
ical application in biology, we perceive that tlie general theorems of 
statics and dynamics must be steadily verified in the mechanism 
of living bodies, on the rational study of which they cast an indis- 
pensable light. The highest orders of animals act, in repose and 
motion, like any other mechanical apparatus of a similar complexity, 
with thg one difference of the mover, which has no power to alter 
the laws of motion, and equilibrium. ‘he participation of rational 
mechanics in positive biology is thus evident. Mechanics cannot 
dispense with geometry ; and besides, we see how anatomical and 
physiological speculations involve considerations of form and posi- 
tion, and require a familiar knowledge of the principal geometrical 
laws which may cast light upon those complex relations. 

- In regard to Method, the necessity of recurring to a perfect model 
of reasoning, the more earnestly in proportion to the complexity of 
the science concerned, is applicable in regard to Mathematics, as to 
Astronomy ; oulyewith still greater urgency. In mathematics we 
find the primitive source of rationality ; and to mathematics must 
the biologists resórt for means to carry on their researches, If 
biologists have hitlierte not done this, but contented themselves 
with what is called logis, apart from all determinate reasoning, 
much of the fault is chargeable upon the indifference of geometers 
about duly,organizing the whole of mathematical knowledge. The 
imperfect aud inadequate character of the elementary treatises on 
mathematics that have*hitherto been given to the world quite 
accounts for the neglect of the fundamental logical properties of 
mathematical science by even intelligent minds. It accounts also. 
for the exaggerations, of some PE who maintain that, far? 
from preparing the intellectual organ the rational interpretation 
of nature, a mathematical education father tends to develop a spirit 
of sophistical argumentation and illusory speculation, Such an 
abuse, however, cannot affect the real value of mathematics as a 
means of positive education; but rather exhibits the necessity of 
a philosophical rerfovation of the whole system of mathematical 
jnstruction. Whatever ac vantage can be attributed to logie in 
directing and strengthening the action of the understanding is 


found in a higher degree iu mathematical study, with the Et ə 
VOL. I. 1 J. : 
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antage of a determinate subject, distinctly ciremnseribed, 
SE Bate utmost precision, and free from the danger uh 
is inherent in all abstract logic, —of leading to useless and puero 
rules, or to vain ontological speculations. The positive method, 
Kane everywhere identical, is as much at. home in the art of 
reasoning as anywhere else: and this is why no science, whether 
biology or any other, can offer any kind of re: 
mathematics does not supply a simpler and purer counterpart. 
Thus, we a.e enabled to eliminate the only remaining portion of 
the old philosophy which could even appear to offer any real utility; 
the logical part, the value of which is irrevocably absorbed by 
mathematical science. Hither, then, must biologists come, to study 
the logical art so as to apply it to the advancement of their difficuit 
researches. In this school must they learn familiarly the real 
characters and conditions of scientili¢ evidence, in order to fransfer 
it afterwards to the province of their own theories, The study of it 
here, in the most simple and perfect cases, is the only sound pre- 
paration for its recognition in the most complex. i " 

The study is equally necessary for the formati 
habits; for obtaining an aptitude in forming and sustaining positive 
abstractions, without which. the comparative method cannot be used 
in either anatomy or physiology. The abstraction whiéh'is to be 
the standard of comparison must be first; clearly formed, and then 
steadily maintained in its integrity, or the analysis becomes abortive: 
and this is so completely in the spirit of mathematical combinations, 
that practice in them is the best preparation for it. A student who 
cannot accomplish the process in the more simple cese may be assured 
that he is not qualified for the higher order of biological researches, 
and must be satisfied with the humbler office of collecting materials 

` for the use of minds of another order. Hence arises another use of 
mathematical training ;—that of testing and classi^ying minis, as 
well as preparing and guiding them. Probabl y as much good would 
be done by excluding the students who only encumber the science 
by aimless and desultory inquiries, as by fitly instituting those who 
can better fulfil its conditions, $ 

There seems no sufficient reason wh 


Use of scien- 0 common in the hand 
tijic fictions, 


on of intellectual 


y the use of scientific fictions, 
s 3 of geometers, should not be 
introduced into biology, if systematically employed, 
and adopted with sufficient. sobriety. In mathematical studies, 
great advantages have arican from imagining a series of hypothetical 
cases, the consideration of which, though artificial, may aid’ the 
clearing up of the real subject, or its fundamental elaboration, Thig 
art is usually confounded with that of hypotheses ; but it is entirely 
different: inasmuch as in the latter case the solution alone js 
imaginary; whereas in the former, the problem itself is radically 
ideal. Tis use can never be in. biolo it is-in 


í SY Comparable to what 
mathematics: but it seems to me that the abstract character of the 


asoning, of which. 


in the hierarchy 


. of all our resources, this s 
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higher conceptions of comparative biology renders them susceptible 

of such treatment. The process would be to intercalate: among 

different known organisms, certain purely fictitious organisms 50 

imagined as to facilitate their comparison, by rendering the biolo- 

gical series more homogeneous and continuous: and it might Be 
g 


- that several might hereafter meet with more or less of a realization 


among organisms hitherto unex plored. It m ible. i 
present state of our knowledge ot living ES E a A 
organism eapable of fulfilling certhàin given conditious «t EDU M 
However that may be, the collocation of real cases "with wai 
imagine oñes, after the manner of geometers, will doubtless be 
practised hereafter, to complete the general laws of comparative 
anatomy and physiology, and possibly to anticipate occasionally the 
direct exploration. Even now, fhe rational use of such an, artifice 
might greatly simplify and clear up the ordinary system of pure 
biological instruction. But it is only the highest order of investigators 
who cay be intrusted with it. Whenever it is adopted, it will con- 
stitute another ground of relation between biology and mathematics 

We have now gone over all those grounds,—both of doctrine and 
of method. Of the three parts of mathematics, Mechanics is con- 
nected with biology in the scientific point of view ; and geometry 
in the logical : while both rest upon the analytical theories which 
are indispensable to their systematic development. 


di of the relations of biology determines its rank 
of sgiences. From this again we learn the kind 
vfection of which biology is susceptible ; and, more 
tional plan of preliminary education which it 
pi ? 


This specificati 


and degree of pe 
directly, the ra 


indicates. A. D d i 
Tf the perfection"of & science were to be estimated by the means 


of ifs pursuib biology swould evidently excel all  Congition and 
others; for we can concentrate upon it the whole of prospects of 
the resources of Observation and of reasoning offered. “+e science. 
by all the others, together with some of high importance appropriate 
to itself. et, all this Wealth of resources is an insufficient, com- 
pensation for the accumulated obstacles which beset the science. The 
difficulty is nót so much in its recent passage into the positive state 
as in the high complexity of its phenomena. After the wisest use 
is study must ever remain inferior to all the 
departments of inorganic philosophy; noteexcepting chemistry itself. 
ment will be greater than might be 


Still; its speculative improve e 
supposed by those who are unaware how incomplete and barren is 


the accumulation of observations and heterogeneous conceptions 
which now goes by the name of the science, All that has yet 
been done should be regarded as a preliminary ' operation,—an 
ascertainment and trial of means, hitherto provisional, but hence- 


forth to be organized. Such an organization having really téken® 
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g a few qualified investigators, the state of the science 
ite HEU as eh SRR As for the direct establish- 
whet of biological laws, the few positive ideas that we have ob- 
tained justify the expectation that the science of living bodies may 
attain to a real co-ordination of phenomena, and therefore to their 
prevision, to a greater or smaller extent. o 

As for the requisite education, —as it comprehends the study of 
` Requisite the preceding scienges, from mathematics downwards, 
Education» jt is clearly of a rore extensive and difficult order 
than any hitherto prescribed. But the time saved from the useless 
study of words, and from futile metaphysical speculations, would 
suffice for all the purposes of the regenerated science, which dis- 
cards these encumbrances. CUT 
If, next, we look at the reaction ef the science on the education 
of the general mind, the first thing that strikes us is that the positive 
study of Man affords to observers the best test and measure of the 
mental power of those who pursue the study. In other sciences, 
the real power of the inquirer and the value of his acquisitions are 
concealed from popular estimate by the scientific artifices which 
are requisite for the pursuit ; as in the case of mathematics, whose 
hieroglyphic language is very imposing to the uninitiated : so that 
men of extremely small ability, rendering very doubtful services, 
have obtained a high reputation for themselves and their achieve- 
ments. But this can hardly take place in biology ; and the prefer- 
ence which popular good sense has accorded to the study of Man 
as a test of scientific intelligence is therefore well-grounded. Here 
the most important phenomena are common to all; and the race 
may be said to concur in the study of Man : and, the more difficult; 
and doubtful the ascertainment of general laws’in so complex a 
science, the higher is the value of individual and original meditation. 
When these laws become better known, this origiwality will^yield 
Some of its value to the ability which will then be requisite for 
their application. The moral world will, under all future, as under 
all past circumstances, regard the knowledge of human nature as 


the most indubitable sign, and the comrhonest measure, of true 
intellectual superiority. i 


The first intellectual influence of the 
‘rather developing, two of the most import 
powers, which are little required by 


ons, necessary not 
ut to perfect scientific com- 


ý can bsent from any branch - of 
nafral philosophy; but it is incontestable that the full .develop- 
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ment of the art of classification was reserved for biological scienge, 
As we have seen before, each of our elementary powers must: V. 
specially developed by that one of our positive studies which re- 
uires its most urgent application, and which, at the sanfe time, 
offers it the most extended field. Under both aspects, biology tends, 
more thar? any other science, to favour the spontaneous rise of the 
general theory of classifications. First, no other so urgently claims 
a series of rational classificationg, on account both of the multi- 
plicity of distinct but analogous beings, and of the*necessity of 
organizing a systematic comparison of them in the form of a bio- 
logical hierarchy ; and next, the same characteristics which demand 
these classifications facilitate their spontaneous establishment. The 
multiplicity and complexity are not, as might at first appear, 
obstacles to the systematic grmngement of subjects : on the con- 
trary, they are aids, as the diversity of their relatioys offers a greater 
number of analogies, more extensive and easy to lay hold of. This 
is*thesneason why the classification of animals is superior to that of 
vegetables ; the greater variety and complexity of animal organisms 
affording a better hold for the art of classifying. And thus we see 
that the very difficulties of the science are of a nature at once to 
require and permit the most marked and spontaneous development 
of the general art of classification ; and hither must the student in 
every other department of science resort, to form his conceptions of 
this all-important method. Here alone can geometers, astronomers, 
sphysicists, and even chemists learn the formation of natural groups, 
and their rational coordination ; and, yet, more, the general prin- 
ciple of the subSrdination of characteristics, which constitutes the 
chief artifice of the method. The biologists alone, at this day, can 
be in habitual possession of clear and positive ideas in these three 
relatjons.—Each of the fundamental sciences has, as we have already 
50 often seen,*the exclusive property of specially developing some 
‘one of the great logical procedures of which the whole positive 
method iscomposed ; and it is thus that tlie more complex, while 
dependent on the simpler, react on their superiors by affording 
them new rational powers and instruments, In this view of the 
hierarchical character and unity of the system of human knowledge, 
it becomes clear that the isolation still practised in the organization 
of our positive studias is as burtful to their special progress as to 
their collective action upon the intellectual government of the 


humansrace. 1 sek n 
Looking nowto the higher function of this science,—its 1 


upon the positive spirit, as well as method,—we haYe — rygwence of 
only, to try it by the test proposed before ;—its power Biology upon 

of destroying theoldgical conceptions in twa WayS:— spirit. 

hy the rational prevision of phenomena, and by the sp RUE 
voluntary modification of them which it enables Mam o 2g gise., 
As the phenomena of any science become more complex, he first 


nfluence 


=, 
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eases, and the other increases, so that the one or the 
PRNO $ ud present to show, unquestionably, that the events of 
the world are not ruled by supernatural will, but by natural laws. 
Riological science eminently answers to this test. While its com- 
plexity allows little prevision, at present, in regard to its phenomena, 
it supplies us with a full equivalent, in regard to fheological 
conceptions, in the testimony afforded by the analysis of the con- 
ditions ef action of living bodies The naturalopposition of this _ 
species of investigation to every kind of theological and metaphysical 
conception is particularly remarkable in the case of intellectual and 
affective phenomena,—the positivism of which is very recent, and 
which, with the social phenomena that are derived from them, are 
the last battle-ground, in the popular view, between the positive 
philosophy and the ancient. In vistne of their complexity, these 
phenomena are precisely those which require the most determinate 
and extensive concurrence of various conditions, exterior and 
interior; so that the positive study of them is eminently fitted *to 
expose the futility of the abstract explanations derived from the 
theological or metaphysical philosophy. Hence, we easily under- 
stand the marked aversion which this study is privileged to arouse 
among different sects of theologians and metaphysicians, As the 
labours. of anatomists and physiologists disclose the intimate depen- 
dence of moral phenomena on the organism and its environment, 
there is something very striking in the vain efforts of followers of 
the old philosophies to harmonize with these facts the illusory play 
of supernatural influences or psychological entities. Thus has the 
development of biological science put the positive philosophy in 
Possession of the very stronghold of the ancient philosophy. "The 
seme effect becomes even more striking in the other direction, from 
biological phenomena being, beyond all” others, susceptible of 
modification from human intervention. We have a“large power of 


affecting both the organism and its environmen, from the very 


considerable number of the conditions which concur in their exist- 
ence: and ovr voluntary power of disturbing phenomena, of 
suspending, and even destroying them, is so striking as to compel 
us to reject all idea of a theological or metaphysical direction. As 
in the other case, of which indeed it is a mere extension, this effect 
is most particularly marked in regard to moral phenomena, properly 
so called, which are more susceptible of modification than any 
others. The most obstinate psychologist could not well persist in 
maintaining the sovereign independence of his intellectual entities, 
if he would consider that the mere standing on his head for a 
moment would put a complete Stop to the course of his own specu- 
lations. Much as we may wish that, in addition to these evidences, 
we had that of an extensive power of scientific prevision in biology 
Such a power is not needed for the conclusi Jod 


, not n ons of popular good 
Sense. This prevision is not always baffled : and its success in a 
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few marked cases is sufficient to satisfy the general mind that the 
phenomena of living bodies are subject, like all others, to invariable 
natural laws, which we are prevented from interpreting in all cases 
only by their extreme complexity. 

But, moreover, positive biology has a special conquest of its den 
over thes theological and metaphysical systems, by which it has 


converted an ancient dogma into a new principle. In chemistry the ° 


same thing occurred when the primitive notion of absolute cresttjon 
and destruction “was converted into the precise C ncéption of 
perpetual decomposition and recomposition. In Astronomy, the 
same thing occurred. when the hypothesis of final causes and provi- 
dential rule gave place to the view of the solar system as the 
hecessary and spontaneous result of the mutual action of the 
principal masses which compose it.” Biology, in its close connection 
with astronomy, has completetl this demonstration. Attacking, in 
its own way, 
tyansformed it into the fundamental principle of the conditions of 
existehce, which, it is the particular, aptitude of biology to. develop 
and systematize. Tt is a great error in anatomists and physiologists, 
—an error fatal both to science and theology,—to endeavour to 
unite the two views. Science compels us to conclude that there is 
no organ without a function, and no function without an organ. 
Under the old theological influences, students are apt to fall into à 
state of anti-scientific admiration when they find the conditions and 
the fulfilment eoincide—when, having, observed a function, ana- 
jomical analysis disgloses 4 statical position 1n the organism which 
fulfilment of the function. This irrational and barren 
admiration is hurtful to science, by habituating us to suppose that 
all organic acts are effected as perfectly as we can imagine, thus 
repressing the expansion of our biological speculations, and inducing 
us to admirescom plexities which are evidently injurious : and it is 
jn direct opposition to religious aims, 28 it assigns human wisdom 
as the rule and even the limit of the divine, which, if such a parallel 
^stablished, must often appear to be the inferior of the two. 
Though we cannot inzagine radically new organisms, we cun, as I 
showed in my suggestion about the use of scientific fictions, conceive 
of organizations which should.di ffer distinctly from any that are known 
to us, and which should be incontestably superior to them in certain 
determinate respects. The philosophical principle of the conditions 
of existence is in fact simply the direct, conception of the necessary 
harmony of the statical and the dynamical analyses of the subject 
proposed. his principle is eminently adapted to the science of 
piology, which is continually engaged in establishing & harmony 
between the means and the end ; and nowhere else, therefore, is 
seen in such perfection, that double analysis, statical mä dynamical, 
«which is found everywhere. : 
These, then, are the philosophical properties of positive biology. 


the elementary dogma of final causes, it has gradually ` 
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To complete our. review of the science as a whole, ye Voer daly to 
nvte briefly the division and rational co-ordination of its parts. a» 
It does not fall within the scope of this work to notice several 
Distribution branches of positive biological knowledge, which are 
sof the science. of extreme importance in their own place, but 
secondary in regard to the principles of positive philosophy. We 
have no concern here with pathology, and the corresponding medical 
art} nor with natural history, and the corresponding art of the 
education of organisms, These fare naturally,?and not untruly, 
called biological studies: but we must here confine the term 
strictly to the speculative and abstract researches which are the 
foundation of the science, The interior distribution of the science, 
thus regarded, is this, ^ è 1 
The speculative and abstract study of the. organism must be 
divided, first, into staties and dynaniics ; according as we are seek- 
ing the laws of organization or those of life: and again, statical 
biology must be divided into two parts, to which M. de Blainville 
has given the name, in regard to animals, of zootomy and doolaay, 
according as we study the structure and composition of individual 
organisms, or construct the great biological hierarehy which results 
from the comparison of all known organisms. . It would be easy to 
modify M. de Blainville’s terms so as to make them common to 
animals and vegetables, Dynamical biology, to which we may give 
the name bionomy, as the end and aim of the whole set of studies, 
evidently admits of no analogous subdivision. The general name 
of Biology thus includes the three divisions, hiotomy, biotaxy, and‘ 
pure bionomy, or physiology properly so called, — ¢ 
Their definition exhibits their necessary dependence; and there- 
by determines also their philosophical co-ordinatien, While it is 
urfiversally allowed that anatomical ideas , are indispensable to 
physiological studies, because the structure must besknown before 
its action can be Judged of, the subordination of bionomy to biotaxy 
18 not so well understood, et it is easy to see that the place of 
any organism in the scale must be known before its aggregate 
phenomena can be effectually studied : and again, the consideration 
of this hierarchy is indispensable to the use of that grandest instru- 
ment of all, —the comparative method. Thus, from every point of 


view, the double relation of dynamical to Statical biology is unques- 
tionable. D 2 


^l biology are less clearly marked; and 


: EHE. egard to them, We were involved i a 
jcious circle: for if, on the one hand, the rational Classification of 
living beings requires the antecedent knowledge of their organization 
it is certain, on the other hand, that anatomy itself, like physi leo. 

dnd s , physiology, 
Cannot be studied, in regard to all 


; 1 l i . Organisms, without an anfece- 
Cent formation of the biological hierarchy, Thus we must admit 


? consolidation of the respective advancements of biotomie and 


^precedes that of the apimal 
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Diotaxic studies through their intimate connection. In such a case, 
as a separation and determinate co-ordination are required by ofr 
understandings, it appears to me that we cannot hesitate to make 
a dogmatic arrangement,—placing the theory of organization befgre 
that of classification,—for the last is absolutely dependent on the 
first; while the first could meet some wants, though in a restricted 
way, without the second. In a word, none but known organisms 
can be classified; whereas they. all can and must be studied, t6 a 
certain extent, without being mutually compared. Ed again, 
there is no reason why, in a systematic exposition of anatomical 
philosophy, *we should not borrow directly from biotaxy its con- 
struction of the organic hierarchy ; an anticipation which involves 
3huch less inconvenience ihan severing the complete study of 
structure.— However, it must he always borne in mind that any 
system will have to undergó a general revision, with a view to 
bringing out the essential relations of its parts: the relations, not 
only f the two sections of. statical biology, but of both to the 
dynamical. Thig consideration goes far to diminish the importance 
assigned to these questions of priority: and the only reason why 
such a revision appears more necessary in biology than in the other 
sciences is, that there is 2 profounder accordance between its 
departments than we find in theirs. 

‘The interior distribution of these three departments is determined, 
as usual, by the order of dependence of phenomena, on the ground 
of their relative generality. Thus, the theory of the organic life 
: and the theory of the highest functions 
and organs of Men terminates the biological system. 

It has often been à question whether, in studying each organ 
and function in fhe whole scale, it is best to begin at Where to 
the one end or the other ;—to begin with Man or the d 
simplest known organism. 1 do not consider this question so all- 
important as itis often supposed, as all qualified inquirers admit the 
necessity of using the two methods alternately, whichever is taken 
first: but I think, that a distinction should be made between the 
study of the organic anü that of the animal life. The funetions of 
the first being chemical, it is less necessary to begin with Man ; 
and I think there may be a scientific advantage in studying the 
vegetable organism, first, in which that kind of functions is thé 
more pure and more marked, and therefore the more easily and 
completely studied : but every investigation, anatomical or physio- 
logical, relating to animal life, must be obscure if it began elsewhere 
than with Man? who is the only being in which such an order of phe- 
telligible. It is evidently the obvious state 


nomena is immediately intellg ntly the 
of Man, more and fnore degraded, and not the indecisive state of the 
sponge, more and more improved, that we’should pursue, through 
J o 


ike animal series, when we are analysing any of the constituent 
characters of animality. If we seem to be by this procedure defert-- 
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ing the ordinary course of passing from the most general and simple 
subject to the most particular and complex, it is only to conform 
the better to the philosophical principle which prescribes that very 
ccurse; and which leads us from the most known subjects to the 
Teast known. In all cases but this, the usual course is the fittest, 
in biological studies. 


Here we conclude our review of biological science as a whole. 
The extent to which I have carrjed out the suryey will allow us to 
consider its separate portions véry briefly. In doing so, I shall 
follow the order just laid down, passing from the simple consider- 
ations of pure anatomy to that positive study of the phenomena of 
the intellect and the affections, as the highest part of human nature, 


which will carry us over from biology to Social Physics,—the final 
object of this work. . 
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lr was during the second half of the last century that Daubenton 
and Vicq-d'Azyr achieved pe extension -of the Development 
statical study of living bodiés to the whole of known of ‘Statical 
éreanisms; and the Jectures and writings of Cuvier "lsu 
carried on, and spread. abroad, the regenerating influence of this 
great view. But, indispensable as was this conception to the 
development of anatomical science, it could not complete the 
character of statical biology without the aid and addition of Bichat's 
eneral decomposition of the organism into its 


grand idea of the g [ 
"nrious elementary tissues ; the high philosophical importance ot 


which appears to me not yet to be worthily appreciated. 

The natural development of comparative anatomy would, no doubt, 
have disclosed this analysis to us sooner or later: but how slow the 
process would have been we may judge by what we see of the 
reluctance of comparative anatomists to abandon the exclusive study 
of systems of organs while unable to deny the preponderant: impor- 
tance of the study of the tissues. Of all changes, those which relate 
to method are the most difficult of accomplishment ; and perltaps 
there is no example oftheir resulting spontaneously from a regular 
advance under the old methods, without a direct impulsion from a 
new original conception, energetic enough. to work a. revolution in 
the system of study. Biology must, from its great complexity, be 

&h a necessity than any other science. 


more dependent on su [ ) 
Though zoological analysis furnishes the best means of separating 


the various organic tissues, and especially of giving precision to the 
true philosophical sense of- this great notion, patho- process of ^ 
logical analysis offered a more direct and rapid way discovery of 
to snggest the first idea of such a 4ecomposition, Ue 
even regarding the human organism alone. When pathological 
anatomy had been once founded by Morgagni, it was evident that 
in the best-marked maladies no organ is ever entirely diseased, and 


{hat the alteratiéns are usually confined to some of its constituent 


parts, while the others preserve their normal condition. | In no other 
eway could the distinction of the elementary tissues have been so 
clearly established. By the coexistence in one organ of sound and 


m 
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impaired tissues, and, again, by different organs being affected by 
sifnilar maladies, in virtue of the disease of a common tissue, the 
analysis of the chief anatomical elements was spontaneously in- 
dicated, at the same time that the study of the tissues was shown to 
bé more important than that of the organs. It is not consistent 
with my objects to go further into this: but it was necessary to 
show that we owe to pathological analysis the perception of this 
essential truth. It was Pinel who suggested it to Bichat, by his 
happy innovetion of studying at cnce all the discàses proper to the 
different mucous membranes. ^ Bichat then, while knowing nothing 
of the study of the organic hierarchy, carried off from the students 
of comparative anatomy the honour of discovering the primitive iden, 
which is most indispensable of all to the general advancement óf 
anatomical philosophy. His achievement consisted’ in rationally 
connecting with the normal condition a notion derived from the 
pathological conaition, in virtne probably of the natural reflection 
that if the different tissues of the same organ could each be separ- 
ately diseased in its own way, they must have, in their healthy’ con- 
dition, distinct modes of existence, of which the life of the organ is 
realy composed. This principle was entirely. oyerlooked before 
Bichat published the treatise in which he established the most sat- 
isfactory d posteriori development of it: aud it is tow placed beyond 
all question. ‘The only matter of regret. is tat! in creatine n 
wholly new aspect of anatomical science, Bichat did hot better mark 
its spirit by the title he gave if. If he had called it abstract or 
elementary instead of general anatomy, he would hava indicated its 
philosophical fanction, and its relation to other anatomical points of 
view. 
The anatomical philosophy began to assume its definitive 
Combination Character from the very recent fime when the human 
‘with Com- mind learned to combine the two great primitive 
Coe ideas of the organic hierarchy, and of Bichat’s dis- 
: ‘covery, which applies the universal conception to the 
Statical study of living bodies. "These combined ideas are necessarily 
the subject of our present examination. Puftine aside the irrational 
distinctions, still too common among biologists, of many different, 
kinds of anatomy, we must here ‘recognize only one scientific 
anatomy, chiefly characterized by the philosophical combination of 
the comparative method with the fundamental notion of the decom 
position of the organs into ctissires, It is apparently strano, 
ANUAL qa A A ; Strange that 
after Bichat’s discovery, Comparative anatomists, with Cueta 
their head, should have persisted in studying organig aon BY ee at 
its complex state, instead of beginning with the investi San i n 
tissues, pursuing the analysis of the laws of their combi, ion of the 
organs, and ending with the grouping of those oreans į ation into 
Properly so called : but not even Cuvier's eed Into apparatus, 
Prevent the application of the comparative metho pe can now 
a method to the analysis 
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of tissues, throughout the whole biological hierarchy. The work, 
though at present neither energetically nor profoundly pursued, <s 
begun, and will reform the habitual direction of anatomical spec- 
ulation. 5 
E Bichat’s studies related to Man alone ; and his method of con- 
parison bere only upon the simplest and most restricted cases of 
all; the comparison of parts and that of ages. His principle must, 
therefore, necessarily undergo some transformations, to fit it foo à 
more extensive application. The most important of thgse ifnprove- 
ments, especially in a logical view, appears to.me Elements and 
to consist in the great distinction introduced by M. de Products. 
Blainville between the true anatomical elements and the simple 
products of the organisth, which Bichat had confounded. We saw 
before the importance of this distinction 1n the chemical study of 
organic substances : and we meet it again now, face to face, as an 
anatomical conception. 9 
Wẹ pave seen that life, reduced to the simplest and most general 
notion of it, is characterized by the double continuous motion of 
absorption and exhalation, owing to the reciprocal action of the 
organism and its «environment, and adapted to sustain during à 
certain time, and within certain limits of variation, the integrity of 
the organization. Tt results from this that, at every instant of its 
existence, every living body must present, in its structure and com- 
position, two very different orders of. principles: absorbed matters 
in.a state of assimilation, and exhaled matters in a state of separa- 
“tion. This is the gropnd of the great anatomical distinction between 
organic elements and organte products. ‘The absorbed matters, 
once completely assimilated, constitute the whole of the real materials 
of the organism? The exhaled substances, whether solid or fluid, 
to the organisth, 


become, from the fime of their separation, foreign 
lly remain long without danger. Re- 


in which. theyscannot genera n 
: (rue anatomical elements are always 


garded in a solid state, the 2 \ 
necessarily continuous in tissue With the whole of the organism : 
the fluid elements, whether stagnant or circulating, 


and agam, à i 
domi in the depths vf the general tissue, irom which they are 
equally inseparable: whereas the products are only deposited, ford 
longer or shorter, fimo, on tho exterior or uerit SUC ah he 
Sevan a b e are not less havent, i a AYN \ 

» the true eleme Py A eR. 
they, lone im ae must be tegudel as rally Tring: 
grow or decreas um ge double vital motion: and they alone 
are finally Beaten absorption or exhalation, Hvar before th ; 

, the products are already ec had a b 
a a aD- 


stances, exhibit; 
» exhibitin d 
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else D 
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products are not, like sweat, urine, etc, aen to bo erpi 
without further use in the organic economy. Severa UM 
saliva, the gastric fluid, bile, etc., act as exterior substances, and in 
virtue cf their chemical composition in preparing for the assin 
lation of the organic mateřials. It is difficult to fix the precise 
. moment when these bodies cease to be products and become 
elements ;—the moment, that is, when they pass from the inorganic 
tothe organic state,—from death to life. i But these difficulties 
arise from fhe imperfection of eur analysis, ahd not from any 
~ untertainty in the principle of separation. j It may be observed 
however that there are circumstances in which products, and par- 
ticularly among the solids, are closely united to true anatomical 
elements in the structure of certain apparatus, to which they supply 
essential means of improvement. Such are, for instance, the greater 
number of epidermic productions, the liair, and eminently the teeth. 
' But even in this Case, a sufficiently delicate dissection, and a careful 
analysis of the whole of the function will enable us to ascertain, with 
entire precision, how much is organic and how much inorganic in 
the proposed structure. Such an Investigation was not prepared for 
when Bichat confounded the teeth with the bores, and concluded 
the epidermis and the hair to be tissues, of a piece with the cutane- 
ous tissue ; but the rectification which ensued was all-important, as 
enabling us to define the idea of tissue or anatomical element, which 
is the preferable term. It was through comparative anatomy that 
the rectification took place; for the study of the biological series 
showed that the inorganic parts which in Man appear inseparable 
from the essential apparatus are in fact only simple means of 
advancement, gradually introduced at assignable. stages of the 
ascending biological series, a y 
If we assert that in the order of purely 
the study of products must be secondary 
not be supposed that we undervalue the 


study is of extreme importance in physiology, Whose principal 


origin of a great 
ledge of them js 
anatomical elements, which 


fact, the know- 
eparation from tho 
on of biologists 


1 ed to its proper 
place, anatomical analysis has assumed its trne chafacter Bags. 
undertake now what was 
EA o omen elemehts. 
f, according to their true 
Seneral relations; and may even be reduced to a Woo dob 
modifed by determinate laws, These two are the other chief trans- 
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formations undergone by the great anatomical theory of Bichat, 
through the application of the comparative method: and these two 
we now proceed to review. j 

The first is connected with the great question of the vitality,of 
the organic fluids, about which our ideas are far from Vitality of thé 
being, I think, sufficiently settled. Every living organic fluids. 
body consists of a combination of solids and fluids, the respective 
proportions of which vary, according to the species, within very 
wide limits. The very definitiow of the vital State spposes this 
conjunction ; for the double motion of composition and decompo- 
sition which characterizes life could not take place among solids 
alone ; and, on the other hand, a liquid or gaseous mass not only 
requires a solid envelope, but could admit of no real organization, 
Tf the two great primitive ideas of Life and Organization were not 
inseparable, we might imagite the first to belong to fluids, because 
they are so readily modified ; and the other to solids, as alone 
capahl of structural formation: and here, under another view, we 
shou ERU neqessary harmony of thetwoelements. ‘hecomparison 
of types in the biological series confirms, in fact, the general rule that 
the vital activity increases with the preponderance of fluid elements 
in the organism; while a greater persistence of the vital state 
attends the preponderance of solids. ‘This has long been regarded 
as a settled law by philosophical biologists, in studying the series 
of ages alone. ‘These considerations seem to show that the contro- 
versy about the vitality of fluids rests, like many other famous 
controversies, on a yicious proposal of the problem, since such a 
mutual relationsof the solids and the fluids excludes at once both 
humourism and solidism. Discarding, of course, the products from 
the question, thére can be no doubt that the fluid elements of the 
organism manifest a life as real as that of the solids. The founders 
of modern pathology, iu their reaction against the old humourism 
have not paid sufficient attention, in the theory of diseases, to the 
direct and spontaneous alterations of which the organic fluids, ` 
especially the blood, are remarkably susceptible, in virtue of the 
complexity of their cofnposition. 1t would appear, from a philo- 
sophical point of view, very strange if the most active and susceptible 
of the'anatomical elements did not participate, primarily or consec- 
utively, in the per{urbations of the organism. But, on the other 
hand, it is not less certain that the fluids, animal and vegetable. 
cease to live as soon as they have quitted the organism S foe 
instance, the blood after venesection. ‘They then Togs all CRINES 
tion, and are^in the condition of. products. The vitality of the 
fluids, considered separately, constitutes them an ill-defined, and 
thérefore intermirfable, question. n : 

A truly positive inquiry however arises out of the question—th 
inquiry as to which of the immediate principles of a fluid ar 3 


1 diim ME e vital ; 
for it cannot be admitted that all are so indiscriminately, ag 


Thus 
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: chiefly osed of water, it would be absurd. to 
the blood paing omean opago participate in the life of the fluid ; 
E Mich of the other constituents is the seat of life? 
Bubyibenss v xiv s the answer,—that it resides in the 
Microscopic anatomy gives us the ans Y n 

bal e Ds perly so called, which are at once organized and living. 
ee SON such a solution would be, it can be regarded at 

. present only as an attempt; for it is admitted that these globules, 
Soal determinate in form, shrink more and more as the arterial 
blood. passes- through an inferior? order of vessels,—that is, agb 
approaches its incorporation with the tissues; and that, at the 
precise moment of assimilation, there is a complete ligtfefaction of 
the globules. It would thus appear that we must cease to regard 
the blood as living at the very moment wien it accomplishes its 
chief act of vitality. Before any decision can be made, we must 
have the counter, proof, —the acknowledgment that true globules 
are exclusively cliaracteristic of living fluids, in Opposition to those 
which, as simple products, are essentially inert, aud hold in suspen - 
sion various solids, which make them difficult to, be distinguished 
from true globules, notwithstanding the determinate form. of the 
latter. Microscopical observations are too delicate, and sometimes 
deceptive, to admit at present of the Irreversible establishment of 
this essential point of anatomical doctrine. : 

The statical study of living bodies would form but a very incom- 
plete introduction to the dynamical, if the fluids were left out of 
the investigation of the organic elements, however much remains to 
be desired in our knowledge of them. 

Bichat’s treatise leaves a great gap. Still, as the anatomy of solids 

must always take precedence of tha 

true point of departure, though he did not undértake the whole 

subject. It must be added that the examination*of the fluids is so 

much: the more difficult of the two as to bewellnigh mupracticdble. 
and the two only 
ation—are impaired 
en the fluids quit tlie 

f the more valuable of 

ibitually confound the 

ey have always examined the former 
iñ a more or less advanced Slate of decomposition : and, beino 
d only the most false and incoherent 

r constitution of the organized fluids In 

such a state of things, it is only by a full Preparation from the 

study of the solid elements, that anything can be dort in the stud 

of the fluids, It is almost needless to say that by the same ale 
which presgribes this order, we should study fluids in the ordet of 
their increasing liquefaction—taking the fatty substances first, then 
the blood and other liquids, and lastly the vaporous and gaseous 

elements, which will always be the least understood, di 


The omission of them in ' 


t of fluids, Bichat chose the " 


EE 


: 0 


ORGANIC TISSUES. 337 


P s 
The order of inquiry being thus settled, the next subject is the . 

rational classification of the tissues, according to their Classification 
anatomical filiation, It was not by such a study aso the tissues. 
Bichat’s,—of Man alone,—that: anything certain could "become 
known of such obscure differences as those of ihe fundamental 
tissues. n order to obtain such knowledge the study of the whole 
biological series is indispensable. ° 

. The first piece,of knowledge thus obtained is that theccellular 
tissue is the primitive and esserftial web of every Onaaxtc. o 
organism; it being the only one that is present through Celular tissue. 
the whóle range of the scale. The tissues which appear in Man so 
multiplied and distinct lose all their characteristic attributes as we 
descend the series, and fend to merge entirely in the general cellular 
tissue, which remains the sole basis of vegetable, and perhaps of the 
lowest animal organization. ‘This fact harmonizes well with the 
philosophical account of the basis of life, in its last degree of sim- 
plicity a for the cellular tissue is eminently fitted, by its structure, 
for absorption and exhalation, At the lower end of the series, the 
living organism, placed in an unvarying medium, does nothing but 
absorb and exhale by its two surfaces, between which are ever 
oscillating „the fluids destined for assimilation, and those which 
result from the contrary process. For so simple a function as this 
the cellular tissue suffices. It remained to be ascertained under 
what laws the original tissue becomes gradually modified so as to 


engender all the others with those attributes which at first disguise 


their common derivation: and this is what Comparative anatomy 
has begun to estéblish, with some distinctness. 

The characteristic modifications of the tissue are of two prominent 
classes : the first; more common and less profound, are limited to 
the simple structure 9 the other class, more special, and more 
profound, affeét the composition itself. 

Of the firs& order the prominent ease is that of the dermous 
tissue, properly so called, which is the basis of the — Dermous 
geheral organie envelope, exterior and interior: lie «Rete 
modification here is- mere condensation, differently marked, in 
regard to animal organisms, according as ihe suríace is, as in 
exterior surfaces, more exhalant than absorbent, or, as in interior 
surfaces, more absorbent than exhalant. Even this first transfor- 
mation is not rigorously universal; and we must ascend the scale à 
little -way to find it clearly characterized? Not only in some of the 
lowest of the animal organisms, are the exterior and interior essen- 
tially alike, so that the two surfces may be interchanged, but if- 
we go a little lower, we find no anatomical distinction between the 
envelope and the whole of the organism, which is uniform*y cellular. 

By an increasing condensation of the parent tissue, three distinct 
bùt inseparable tissues proceéd from the derma, all of which are 
destined to an important, though passive office in the amma 
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economy, either as envelopes protecting the nervous organs, or as 
auxiliaries of the locomotive apparatus. These are the fibrous, 
cartilaginous, and bony tissues, ranged by Bichat in their rational 

a order, and named by M. Laurent, in their combina- 
tion, the sclerous tissue. The different degrees of 
consolidation here arise from the deposition in the cellular network 
of qv heterogeneous substance, organic or inorganic, the extraction of 
which leaves no doubt as to the nature of the tissye. When, on the 
other hand, by a last direct condetisation, the original tissue becomes 


n 
Stlerous tissue. 


itself more compact, without being incrusted by a foreign substance, 


we recognize a new modification, in which impermeability Becomes 
compatible with suppleness, which is the characteristic of the serous, 
or (as M. Laurent calls it) the hystous tissue, the 
office of which is to,interpose between the various 
mobile organs, aad to contain liquids, both circulating and stag- 
nant. : ^ 
The second order of transformations exhibits two secondary,cinds 
aie of tissue which distinguish the animal organism, and 
Muscular and which appear at about the same degree of the scale— 
nervous tissues. tho muscular and the nervous tissties, In each there 
is an anatomical combination of the fundamental tissne with 
a special organic element, semi-solid and eminently vital, which, 
having long gone by the name of fibrine in the first case, has sug- 
gested the corresponding name of newrine (given us by M. de Blain- 


Kystous tissue, 


ville) for the other. Here tlie transformation of the parent tissue, 


is so complete, that it would be difficult to establish, and yet more 
to detect it in the higher organisms ; but the analbgies of compara- 
tive anatomy leave no doubt, and only make us wish that we could 
uaderstand with more precision the mode of apatomical union of 
the muscular and nervous substances with tke cellular tissue. y 

Passing on to the chief subdivision of each of^the secondary 
tissues, the first consideration is of the general position, which is 
always related to a modification, greater or smaller, of the structure 
itself. Comparative analysis shows us that in the case of both the 
muscular and the nervous system, the organization of the tissue 
becomes more special and elevated, exactly in proportion to its 
(leeper position between the exterior and interior surfaces of the 
animal envelope. ‘Thence arises the rationaledivision of each of 
these systems into superficial and profound. "This distinction is 
more especially remarkabie with regard to the, nervous system, 
arranged, first, in the form of filaments, and afterwards that of 
ganglions, with or without exterhal apparatus, 

This is the family of tissues, the study of which forms the basis 
of anatonfical analysis. a It would be departing from my object, to 
inquire into the laws of composition under which the ascent is 
Made from this primary study to that of porous substances, aud 

hence on to the theory of the organs, and then to that of systems 
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of organs, which would lead us on to physiological analysis. I 
have fulfilled the aim of this section in exhibiting the methodi&al 
connection of the four degrees of anatomical speculation, about 
which no real uncertainty exists. DONE 

Deeper than this we cannot go. The last term in our abstraét, 
intellectual decomposition of the organism is the idea — zimitation of 
of tissue. To attempt the passage from this idea to the inquiry. 
that of molecule, which is appropriate to inorganic philosophy, i8 to 
quit the positive method altogether: and those whosdo so, unger 
the fancy that they may possibly establish a notion of organie mole- 
cules, :md Who give that vain search the name of transcendental 
anatomy, are in fact imitating the chemists in a region into which 
Chemistry must enter ih its own shape where admissible at all, and 
are asserting in other words that, as bodies are formed of indivisible 
molecules, animals are formed of animalcules. ghis is simply an 
itttempt, in the old spirit, to penetrate into the nature of existences, 
and to,establish an imaginary analogy between orders of phenome 
which ave essentially heterogeneous. It is little creditable to the 
scientific spirit of our time that this aberration should call for 
exposure and rebuke, and that it should need to be asserted that 
the ideg of tissue is, in organic speculation, the logical equivalent 
of the idea of molecule in inorganic speculation. 

We here find ourselves in possession of a sufficient basis of 
anatomical science, while we need yet a more complete and pro- 
found combination of the ideas of comparative and textural anatomy. 
This want will be supplied when we become universally familiarized 
with the four analytical degrees, complementary to each other, 
which must henceforth be recognized aud treated as the basis of 
anatomical specülation. ; 
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ArreR the statical analysis of living bodies, there must be a hierar- 
chical co-ordination of all known, or even possible organisms, in a 
single series, which must serve as a basis for the whole of biological 
speculations. The essential principléseof this philosophical opera- 
tion are what I hve now to point out. . 
We have already seen that it is the distinction of biological 

j ,, science to have developed the theory of clissifica- 
mare tions, which, existing in all sciences; attains its per- 
vegetables and. fection when applied to the complex attributes of the 
animale. animal organisms. In all ages, the vegetable organism 
was the direct subject of biological classification; but it was Pursued 
on the principles furnished by the consideration of animals, whence 
the type was derived which guided philosophical speculation in the 
case. It could not be otherwise, so marked and incontestable as 
are the distinctions among animal organisms: and even the zoo- 
logical classification of Aristotle, imperfect ds it,is, is infinitely 
superior to anything which could then have been attempted with 
regard to vegetables. ‘This natural original classification has been 
rather rectified than changed by the labours of modern times ; 
while that of vegetables has met with an opposite fate. As a fact, 
the first successful attempts in the animal region ps preceded. 
the'establishment of the true principles of classification ; whereas, 
it was only by a laborious systematic application of these principles 
that it has been possible, even within a century, to effect any rational 
co-ordination in the vegetable region, so little marked, in comparison, 
are the distinctions in the latter case, The natural result was that 
the animal realm, used as a type, became more and more attended 
to, till the improvements in zoological classification have gone so 
far as perhaps to lead us to,fear.that the vegetable organism, owing 
to its great simplicity, can never become subject to a much*Vetter 
classification than that in which if was left in the last®century. The 
uote of the ro RN Pt Mg time are very far indeed from having 
n rad MR fee Ed mpderlogk for the vegetable kingdom 
cena n DE e ; Ts the s ;—an inevitable cir- 
eral deos of h oach rendered the animal kingdom 
Patural type of the taxonomical series must adapt it to receive 


l 


' species which presenf, amidst a variety of differences, — 
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all the improvements arising from the general principles of the 
theory. he character of the theory could not but remain incomplete, 
however, as long as the vegetable classification continued to be re- 
garded as the chief end of the research; and the classificatiom became 
rational only when it was seen that the vegetable region was the 
further end of the series, in which the most complex animal organism , 
must hold the first place ; an order of arrangement under which the 
vegetable organism will be more effectually studied than it ever was 
while made an object of exclusivoinvestigation. All that is needed 
is that naturalists should extend to the whole series the anatomical 
and physidlogical considerations which have been attached too ex- 
clusively to animal organisms; and this will certainly be done now 
that the human mind is fairly established at the true point of view, 
commanding the fundamental theory of natural classification. 

These prefatory remarks °indicate our theme. We must have 
the whole series in view; but the animal region ey 
must be our immediate and explicit subject,—both as anatomy our 
furnishing the rational bases of the general theory autgct 
of classification, and as exhibiting its most eniinent and perfect 
application. ° 

The subject divides itself into two parts: the formation of 
natural gtoups, and their hierarchical succession ;— Division of 
a division necessary for purposes of study, though ¿he naturat 
the two parts ultimately and logically coalesce. Me 

In contemplating the groups, the process is to class together those 
such essential asalogies as make them more like each HOP URE 
other than like any others,—without attending, for the present, to 
the gradation of the groups, or to their interior distribution. If this 
were all, the classification must remain either doubtful or arbitrary, 
as the circumscription,of each group could seldom be done so 
certainly as inevitably to include or exclude nothing that might not 
belong tp: another group: and great discordance was therefore 
observed in the early division into orders, families, and even genera. 
But the difficulty disappears on the foundation of the fundamental 
hierarchy, which rigorously assigns its place to each species, and 
clearly defines the ideas of genera, families, and classes, which 
henceforth indicate different kinds of decomposition, effected through 
certain modifications of the principle which graduates the whole 
series, The animal realm, especially ia its higher parts, is as yet 
the only one in which the successive degrees have admitted a. fully 
scientific descfiption. The rougl» classification into natural groups 
was an indispensable preparation for the marshalling into a series 
of ‘the immeasurable mass of materials presented by nature. The 
groups being thus separated, and the study of their interior distri- 
bution postponed, the innumerable throng of organic existences 
became manageable. This great benefit has misled botaniste into 
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the supposition that the formation of these groups is the most 
sctentific part of the natural method,— otherwise than as a prel imi- 
nary process. ‘lhe regular establishment of natural families offers, 
no,doubt, great facilities to scientific study, by enabling a single case 
tó'serve for a whole group: but this is a wholly different matter 
from the value of the natural method, regarded as it must hence- 
forth be, as the highest rational means of the whole study, statical 
an& dynamical, of the system of living bodies; and the great condi- 
tion of which is that the mere position assigned to each body makes 
manifest its whole anatomical and physiological nature, in its rela- 
tion to the bodies which rank before or after it. These’ preperties. 
Co-ordination could never belong to any mere establishment of 
of them. natural families, if they coüld be grouped with å 
perfection which is far from being possible; for the arbitrary 
arrangement of the families, and the indeterminate decomposition 
of each of them into species, would destroy all aptitude for compre 
hensive anatomical or physiological comparison, and open thg way 
for that search after partial and secondary analogies which we see 
to be so mischievous in the study of the vegetable kingdom at this 
day. ! . 
The Natural Method, then, is philosophically characterized by the 
general establishment of the organic hierarchy, reduced, if desired, 
to the rational co-ordination of genera and even of families, the 
realization of which is found only in the auimal region; and there 
only in an initiatory state. And the co-ordination proceeds under, 
Three laws of three great laws, which are these: first, that the 
co-ordination. animal species present a perpetuallytincreasing com- 
plexity, both as to the diversity, the multiplicity, and the speciality 
of, their organic elements, and as to the compositión and ‘augment- 
ing variety of their organs and systems of organs. Secondly: that 
this order corresponds precisely, in a dynemical view, with a’ life 
more complex and more active, composed of functions more 
numerous, more varied, and better defined. Thirdly: that the 
living being thus becomes, as a necessary consequence, more and 
more susceptible of modification, at the samé time that he exercises 
an action on the external world, continually more profound and 
more extensive. It is the union of these three laws which 
id H M ] . e 7 e: 
vigorously fixes the philosophical direction of the biological hierarchy, 
ach one dissipating any uncertainty which might hang about the 
other two. Hence results the possibility of conceiving of 9, final 
arrangement of all living species in such an order as that each 
shall be always inferior to all tlrat precede it, and Superior to all 
that follow it, whatever might otherwise, from its nature, be the 
difficulty of ever realizing the hierarchical type to such a degree of 
precision as this. e 
_ All adequate inquirers are now agreed upon this conception as the 
Starting-point of biological speculation ; and I need not therefore 
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stop to take notice of any prior controversies, except one, which is 
noticeable from its having tended to illustrate and advance the prin- 
ciple of the natural method. I refer to the discussion raised by 
Lamarck, and maintained, though in an imperfect Question of 
manner, by Cuvier, with regard to the general per- permanence of 
manence,of organic species. ‘The first consideration organic species. 
jn this matter is, that whatever may be the final decision of this” 
great biological question, it can in no way affect the fundaméntal 
existence of the “organic hierarchy. Instead of there Being, as 
Lamarck conjectured, no real zoological series, all animal organisms 
being ddentical, and their characteristics due to external circum- 
stances, we shall see, by a closer examination, that the hypothesis 
Inerely presents the series under a new aspect, which itself renders 
the existence of the scale more clear and unquestionable than before ; 
for the whole zoological series would then become, in fact and in 
speculation, perfectly analogous to the development of the individual; 
at least, in its ascending period. "lhere would be simply a long 
deterihinate succession of organic states, gradually deduced from 
each other in the course of ages by transformations of growing com- 
plexity, the order, of which, necessarily linear, would be precisely 
comparable to that of the consecutive metamorphoses of hexapod 
insects, oñly much more extended. In brief, the progressive course 
of the animal organism, which is now only a convenient abstraction, 
adapted to facilitate thought by abridging discourse, would thus be 
converted into a real natural law. This controversy, then, in which 
Tamarck showed by far the clearer and profounder conception of the 
organic hierarchy, while Cuvier, without denying, often misconceived 
it, leaves, in fact, wholly untouched the theory of the biological 
series, Which isequite independent of all opinion about the perma- 
nence or variation of living species. : a, 
The only attribute of this series which could be affected by this 
controversy is the continuity or discontinuity of the organic progres- 
sion: for, if we admit Lamarck’s hypothesis, in which the different 
organic states succeed each other slowly by imperceptible transitions, 
the ascending series must evidently be conceived of as rigorously 
continuous; whereas, if we admit the stability of living species, we 
must lay down as à fundamental principle the discontinuousness of 
the series, without pretending, either, to limit, à priori, in any Way 
the small elementary intervals. ‘This is the question to be con- 
sidered; and thus restricted, the discussion is of extreme importance 
1o the general advancement of the Natural Méthod, which will be, 
in fact, mueli?more clearly described if we are able to regard the 
species as essentially stable, and the organic series therefore as com- 
posed of distinctly separate terms, even at its highest stages of devel- ` 
opment ; for the idea of speciés, which is the principal biotaxic unity, 
»would no longer allow "any scientific definition, if we must admit 
the indefinite transformation of different species into eachother. 
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under the sufficiently-prolonged influence of circumstances suffi- 
ciently intense. However certain might be the existence of the bio- 
logical hierarchy, we should have almost insurmountable difficulty 
in realizing it ; and this proves to us the high philosophical interest 
which belongs to this great question. | 
Lamarck's reasoning rested on the combination of these two 
incontestable but ill-described principles: first, the aptitude of any 
orggfhism (and especially an animal organism) to be modified toa 
conformity tq, the exterior circumstances in which? it is placed, and 
which solicit the predominant exercise of some special organ, corre- 
sponding to some faculty become requisite; and secondly, the ten- 
dency of direct and individual modifications to become fixed in races 
by hereditary transmission, so that they may increase in each new 
generation, if the environment remains unaltered. It is evident that 
if this double property is admitted wfilrout restriction, all organisms 
may be regarded &s having been produced by each other, if we ouly 
dispose the environment with that freedom and prodigality so easy 
to the artless imagination of Lamarck. The falseness of thig liypo- 
thesis is now so fully admitted by naturalists that I'need only briefly 
indicate where its vice resides. M 
We need not stop to object to the immeasurable time required for 
each system of circumstances to effect such an organic transforma- 
tion ; nor yet to expose the futility of imagining organic environ- 
ments, purely ideal, which are out of all analogy with existing media. 
We may pass on to the consideration that the conjecture rests on a 
deeply erroneous notion of the nature of the living organism. The 
organism and the medium must doubtless be mutually related; but it 
does not follow that either of them produces the other. ‘Che question 
is simply of an equilibrium between two heterogenecus and indepen- 
defit powers. If all possible organisms had been placed in all possible 
media, for a suitable time, the greater number of them, would netes- 
sarily disappear, leaving those only which were accordant with the 
laws of the fundamental, equilibrium ; and it is prolíably by a series 
of eliminations like this that a biological harmony has become gra- 
dually established on our globe, where we ste such a process now 
for ever going on. But the whole conception would be overthrown 
at once if the organism could be supposed capable of modification, 
ad anfinitum, by the influence of the medium, without having any 
proper and indestructible energy of its own. f 
Though the solicitation of external circumstances certainly does 
change the primitive organization by developing it in some particu- 
lar direction, the limits of the alteration are very narrow: so that, 
instead of wants creating faculties, as Lamarck would have us 
believe, thoge wants merely develop the powers to & very inconsider- 


able degree, and could have no influence at all without a primitive - 


tendency to act upon. The disappearance’ of the superior races of 
animals before the encroachments of Man shows how limited is the 
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power of the organism to adapt itself to an altered environment ; 
even the human barbarian gives way to civilized Man: and yet the 
power of adaptation is known to be greatest in the highest organisms, 
whereas the hypothesis of Lamarck would require the fact to be 
the other way. In a statical view, too, this conception would com- 
pel us to,regard the introductory animal as containing, at least in 
a rudimentary state, not only all the tissues (which might be admis- 
sible, reducible as they are to the cellular tissue), but all the organs 
and systems of drgans; which is incompatible with anatomical 
comparison. Thus, in every view is Lamarck’s conception 
condemned: and it even tends to destroy the philosophical 
balance between the two fundamental ideas of organization and life, 
By leading us to suppose most life where there is least organization. 
The lesson that we may learn from it is to study more effectually 
the limits within which, in énch case, the medium may modify the 
organism, about which a very great deal remaiüs to be learned : 
and meantime, there can scarcely be a doubt, especially after the 
lumihóus exposition of Cuvier, that species remain essentially fixed 
through all exterior variations compatible with their existence. 
Cuvier's argument rests upon two chief considerations, comple- 
mentary to each other;—the permanence of the most ancient 
known'spécies ; and the resistance of existing species to the most 
powerful modifying forces ; so that, first, the number of species 
does not diminish ; and next, it does not increase. We go back for 
evidence to the descriptions of Aristotle, twenty centuries ago: we 
find fossil species, identical with those before our eyes: and we 
observe in the oldest mummies even the simple secondary differences 
which now distinguish the races of men. And, as to the second 
view, we derive»evidence from an exact analysis of the effects of 
domestication on ‘races of animals and vegetables. Human inter- 
vention, affording, as it does, the most favourable case for altera- 
tion of. the organism, has done nothing more, even when combined 
with change of locality, than alter some of the qualities, without: 
touching any of the essential characters of any species ; no one of 
which has ever been transformed into any other. No modification 
of race, nor any influences of the social state, have ever varied the 
fundamental and strongly marked nature. of the human species: 
Thus, without straying into any, useless’ speculations about tke 
origin of the différent organisms, we rest upon the great natural 
law that living species tend to perpetyate themselves indefinitely, 
with the same chief characteristics, through any exterior changes 
compatible with their existence., In non-essentials the species 15 


“modified within certain limits, beyond which it is not modified 


but destroyed. "Po know thus much is good: but we must re- 
meni uiet it teaches us nothing, witli any completeness, of the 
kind of influence exercised by the medium on the organism. The 


rational theory of this actién remains to be formed: and tha 
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laying down the question was the great result of the Lamarck con- 
tyoversy, which thus rendered an eminent service to the progress of 
sound biological philosophy. 

We may now proceed on the authorized conception that the 
gpeat biological series is necessarily discontinuous. The transitions 
may ultimately become more gradual, by the discovery of interme- 
diate organisms, and by a better directed study of those already 
known : but the stability of species makes it certain that the series 
will always be composed of clearly distinct terms? separated by im- 

_ priücticable intervals. It now appears that the preceding exami- 
nation was no needless digression, but an inquiry necessary ta 
establish, in the hierarchy of living bodies, this characteristic 
property, so directly involved in the rational establishment of tlie 
hierarchy itself, y 

Having surveyed the two great Conceptions of Natural Groups, 

Two togicat — àmG the biological series, which together constitute 

conditions of what is called the Natural Method, we must now 

the study. notice two great logical conditions of the study. * "Che 
first, or primordial, is the principle of the 'subordination of 
characters: the other, the final, prescribes the, translation of the 
interior characters into exterior, which, in fact, results from a radical 
investigation of the same principle. JC 

_ From the earliest use of the natural method, even before the 

Subordination investigation had passed on from the natural groups 

of character- to the series of them, it was seen that the taxonomic 

sir characters must be not only numbered but weighed,’ 
according to the rules of a certain fundamental subordination which 
must exist among them. The only subordination which is strictly 
scientific, and free from all arbitrary intermixture, is that which 
résults from a comparative analysis of the different organisms: this 
analysis is of recent date, and even yet is adequately applied only 
in the animal region ; and thus the subordination was no more than 
barely conceived of before the institution of comparative anatomy, 
and the weighing of attributes is closely connected witli the con- 
ception of the organic hierarchy. The subordination of taxonomic 
characters is effected by measuring their respective importance 
according to the relation of the corresponding organs to the pheno- 
mena which distinguish the species under study,—the phenomena 
becoming more special as we descend to smallér subdivisions, In 
short, here as elsewhere, the philosophical task is to establish a true 
harmony between statical conditions and dynamical properties ; 
between ideas. of life and ideas of organization, which should never 
be separated in our scientific studies but in order to their ulterior 
combination. Thus our aim, sometimes baffled but always hopeful, 
Js to subordinate the taxonomic characters to each other, without 
the admission of anything arbitrary into any arrangement of 
“npertance. We thus meet with gaps in our schedules which we 
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should avoid, or be insensible to, under an arbitrary system ; but we 
may subdue our natural impatience under this imperfection ly 
accustoming our minds to regard rational classification as a true 
science, continually progressive, always perfectible, and therefore 
always more or less imperfect, like all positive science. 2 
Tn conducting the process of comparison, the characters must be 
admitted without restriction, in virtue of their posi- CORO 
tive rationality, however inconvenient to manage and Soror the Na- 
difficult to verify. This is thesfoundation of the tural Method. 
proposed classification. The next step is to discard from the 
collection those whose verification would be too difficult, substitut- 
ing for them some customary equivalents. Without this second 
process, which is as yet “inadequately appreciated, the passage from 
the abstract to the concrete would be inextricably embarrassed. 
The anatomist and physiologist may be satisfied with a definition 
of groups which will not suit the zoologist, and stili less the natural- 
is& {Che kind of transformations required is easily specified. First, 
it is clear how important it is to discard the characters which are 
not permanent, and those which do not belong to the various natural 
modifications of the species under study. They can be admitted 
only as,provisional attributes till true equivalents, permanent and 
common, have been discovered. But the very nature of the problem 
indicates that the aim of the chief substitution should be to replace 
all the interior characters by exterior: and it is this which con- 
stitutes the main difficulty, and, at the same time, the highest per- 
fection of this final operation. When such a condition is fulfilled, 
on the basis of a/rational primitive classification, the natural method 
is irrevocably constituted, in the plenitude of its various essential 
properties, as wé now find it in the case of the animal kingdom. . 
This transformátiou appears to be necessarily possible ; for, as a 
chief characteristic of animality is action upon the external world and 
‘corresponding reaction, the most important primitive phenomena 
of animal life must take place at the surface of separation between 
the organism and its environment ; and considerations with regard 
to this envelope, its form, consistence, etc., naturally furnish the 
principal distinctions of the different animal organizations. The 
interior organs, which have no direct and continuous relation te the 
niedium, will always be of the highest importance among vegetative 
phenomena, the primitive and uniform basis of all life: buf they 
ure of secondary consequence in consider’ng the degrees of animality ; 
so that the inferior part of the animal envelope, by which various 
materials for use are elaborated, is less important, in a taxonomic 
point of view, than the exterior part, which is the seat of the most 
characteristic phéhomena. Accordingly, the transformation of in- 
terior into exterior zoological characters is not merely an ingenious 
und indispensable artifice, but a simple return from the distraction 
of an overwhelming mass of facts to a direct philosophical course of 
: à 
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investigation. When therefore we see a recourse to interior charac- 
€ristics in the study of the animal series, we must recognize the 
truth that not only is the classification as yet unfinished, but that the 
operation is imperfectly conceived of; that the inquirer has not 
a$cended, through sound biological analysis, to the original source 
of analogies empirically discovered. e 
After thus ascertaining the nature of the Natural Method, we 
mêst, hefore quitting the subject, glance at the mode of its applica- 
tion in the @-ordination of the béological series, condensed into its 
principal masses. 
The most general division of the organic world is into the animal * 
Division of 24 vegetable kingdoms; a division which remains 
animalaud as an instance of thorough discontinuity, in spite of 
vegetable all efforts to represent it as an artificial arrangement. 
Einggene- The deeper we go in the study of the inferior animals, 
the more plainly we perceive that locomotion, partial at least, and 
a corresponding degree of general sensibility, are the predgminmat 
and uniform characters of the entire animal series. These two 
attributes are even more universal in the animal kingdom than the 
existence of a digestive canal, which is commofily regarded as its 
chief exclusive characteristic: a predominance which would not 
have been assigned to this attribute of the organic life but for its 
being an inevitable consequence, and therefore an unquestionable 
test, of the double property of locomotion and sensibility; to which 
we must, in consequence, assign the first plage. Such a transfor-, 
mation, however, relates only to movable animals; so that for the 
rest, we should have still to seek some other yet more general 
indication of universal animality, if we must despair of finally 
discovering in it every direct anatomical condition of these two 
animal properties. As for the case of certainsgyrating plants which 
appear to manifest some signs of these properties, our imperfect 
analysis of their motions discloses no true character of animality, 
Since we can discover» no constant and immediate relation with 
either exterior impressions or the mode of alimentation. 
Next to the division of the two organic kingdoms comes the 
Hierarchy of Question of the rational hierarchy of the animal 
m kingdom, by itself. In the place of the irrational 
i i considerations, soanuch relied on,formerly, of abode, 
mode of nutrition, etc., we now rest upon the supreme consideration 
of the greater or less conzplexity of the organism, of its rela(ive 
perfection, speciality, elevation ; in short, of the degree of animal 
dignity, as M. Jussieu has well expressed it. The next preparatory 
step was in the anatomical field, to determine the successive dewrecs 
of animalisy proper to the different organs. The combination Ob 
the two great inquiries,—into the bases of the zoological hierarchy ` 
thee ding in the organization, and into the rank of the organs ifi 
u relation to life,—has furnished, since the beginning of this 
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century, the first direct and general sketch of a definitive graduation 
ot the animal kingdom. Henceforth, it became admitted that, us 
the nervous system constitutes the most animal of the anatomical 
elements, the classification must be directed by it; other «organs, 
and, yet more, inorganic conditions, being recurred to only on tlie 
failure of: the chief in the most special subdivisions; and the 
substitutes being employed according to their decreasing animality. 
Whatever share other zoologists may have contribnted by their 
labours to the formation of this theory, it is to M. de Blainville that 
the credit of it especially belongs: and it is by his classification that 
we must proceed in estimating the application of the Natural Method 
to the direct construction of the true animal hierarchy. 

* T'he happiest innovation which distinguishes this zoological system 
is that it attributes a high taxonomic importance to Attribute of 
the general form of the animal envelope, which had symmetry. 
before been neglected by naturalists, and which’ offers the most 
stuilkine feature, in regard to description, in the symmetry, which is 
ilie prevailing character of the animal organism. We must here 
reserve the case of the non-symmetrical animals ; and this shows 
that the idea is insufficiently analysed as yet. The principle is 
perhaps saved, or the difficulty distanced, by the fact that in these 
animals no trace can be discovered of a nervous system ; but there 
js a sufficient want of precision and clearness to mark this as a case 
reserved for further analysis. We shall not wonder at this imper- 
fection if we remember how erroneous were the notions, no further 

“back than two generations ago, about very superior orders of 
animals,—the whole of the radiated, a part of the mollusks, and 
even of the lower articulated animals. Among the orders thus 
restricted, there? are two kinds of symmetry, the most perfect of 
which relates to a” plane, and the other to a point, or rather to an 
axis: hence the further classification of animals into the duplicate 
and the radiated. It is impossible to admire too much the exact- 
ness with which ‘an attribute, apparently so unimportant, corresponds 
with the aggregate of the highest biological comparisons, which are 
all found spontaneously converging towards this simple and lumin- 
ous distinction. Still it remains empirical in its preponderance ; 
and we yet need a clear and rational explanation, both physiological 
and anatomical, of the extreme negessary inferiority of the radiated 
1o the duplicate animals, which, by their nature, must be nearer to 
Man, the fundamental unity in zoology. s E P 

, Taking the duplicate animals, or artiozoaries, their order 18 again 
divided according to the consistence of the envelope, pivision of 
—whether it is hard òr soft,—and therefore more or » duplicate 
less fit for locomotion. ,'This is, in fact, a protraction animals, 
of the last consideration, as symmetry must be more marked in 
the case of a hard than ofa soft covering. The two great attributes 
of animality,—locomotion and sensation,—establish profouné ane 
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unquestionable differences, anatomical and physiological, between 
tbese two cases; and we may easily connect them rationally with 
this primitive distinction, and perceive how they exhibit inarticulated 
animals as necessarily inferior to the articulated. 
The articulated animals must next be distinguished into two 
n . great classes, according to the mode of articulation: 
Division of ‘© o B 
articulated Whether under the envelope, by a bony skeleton or a 
gress. cartilaginous one, in the lowest degrees; or whether 
the articulation is external by the consolidation" of certain horny 
pafts of the envelope, alternating with the soft parts. ‘The inferi- 
ority of this latter organization, especially with regard to tbe high 
functions of the nervous system, must be seen at a glance, It is 
observable that the more imperfect development of this eminently 
animal system always coincides with a fundamental difference in 
the position of its central part, whiéh ‘is always above the digestive 
canal in vertebrdted animals, and below it in those which have au 
external articulation. i T 0 hc 
The rational hierarchy of the chief organisms in the upper part 
of the animal series is, then, composed of the three great classes ;— 
the vertebrated animals, those which are articulated externally, and 
the mollusks ; or, in scientific language, the osteozouries, the ento- 
mozoartes, and the malacozoaries. oe. 
Glancing, finally, at the division of the first of these classes, I 
Consideration may remark that all former descriptions and defini- 
of the envelope. tions may merge in the consideration of the envelope. 


Tt will be enough here to refer merely to the secondary view of the’ 


envelope,—tlat of the inorganic productions whicheseparate it from 
its environment. M. de Blainville has shown us how the descent 
from Man, through all the mammifera, the birds, reptiles, amphibi- 
ous animals, and fishes, is faithfully represented By the consideration 
of a cutaneous surface furnished with hair, feathers; scales, ox left 
bare. The same determining importance of the envelope is per- 
ceived in the next order.of animals, in which the descent is measured 
by the increasing number of pairs of locomotive appendages, from 
the hexapods to the myriapods, and even tô the apodes, which are 
at the lower extremity. i 

Ti, is not consistent with the object of this Work to go further 
ihto'a description of the animal,hierarchy. My aim in giving the 
above details has been to fix the reader's attention on* my prelimin- 
ary recommendation to study the present co-ordination of the animal 
kingdom as an indispensable concrete explanation of the abstract 
conceptions which I had offered, iv illustration of the fatural method. 
We must pass by, therefore, all speculations and studies which 
belong to zoological philosophy, and merely observe that theré is 
one portion of the fundathental system which remains to be consti- 
tuted, and the general principles of which are as yet only vaguely 
perceived ;—I mean the rational distribution of the species of each 
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natural genus. ‘This extreme and delicate application of the taxo- 
nomic theory would have been inopportune at au earlier stage c£ 
the development of the science: but the time has arrived for it to 
be undertaken now. * 

We cannot but see that the natural method does not admit ‘vf 
anything like the perfection in the vegetable king- 
dom that it exhibits in even the lower stages of the Sue sap e 
animal. The families may be regarded as estab- vegetable xt: 


lished, though in an empirical, way; but their dom. * ` 


o 
natural co-ordination remains almost entirely arbitrary, for 
want of a hierarchical principle by which to subordinate them 
rationally. ‘The idea of animality yields a succession pigicuity of co- 
of degrees, deeply markéd, so as to supply the basis ordination. 
of a true animal hierarchy : but there is nothing of the kind in our 
conception of vegetable existence. The intensity in this region is 
rot always equal; but the character of vegetable lifé is homogeneous; 
—it is always assimilation and the contrary, continuous, and issuing 
in a necessary reproduction. The mere differences of intensity in 
such phenomena cannot constitute a true vegetable scale, analogous 
to the animal; aad the less because the graduation is owing at 
least as,mych to the preponderant influence of external circumstances 
as to the characteristic organization of each vegetable. ‘hus, we 
have here no sufficient rational basis for a hierarchical comparison. 
‘A second obstacle ought to be noticed,—serious enough, though of 

less importance than the first that each vegetable is usually an 
agglomeration of distinct and independent beings. The case does 
not resemble tliat of the polypus formation. In the compound 
structure of the lowest. animal orders a scientific definition is still 
yossible. Therê is a vital basis common to all the animal structures 
which are otherwise independent of each, other: but in the vegetable 
case, ib is a mere agelomeration, such as we can often produce by 
grafting, and where the only common elements ave inorganic parts, 
aiding ay mechanical consolidation. There is no saying, in “the 
present state of our knowledge, how far such a system may extend, 
without being limited by any organic condition, as it seems to 
depend on purely physical and chemical conditions, in combination 
with exterior circumstances. Faintly marked as the original or- 
ganic diversity is by nature, it is evident how all rational suibordini- 
tion of the vegetable families in a common hierarchy is impeded by 

the coalescent tendency just noticed. 9 | E 

The principal division which is the starting-point of M. Jussieu's 
classification is the only beginning of a true co-ordination 10 the 
vegetable kingdom. Tf consists in distinguishing the vegetables by 
the presence or the absence of seminal leaves; and when they are 
present, by their having,several or only ‘one. For the successive 
passage from those which have several to those that have none may 
be regarded as a continuous descent, like that of the biological 
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series, though less marked. Such a view has been verified by the 
i&vestigation of the organs of nutrition, according to the discovery 
of Desfontaines,—as yet the only eminent example of a large and 
happy application of comparative anatomy to the vegetable organism. 
By this concurrence of the two modes of comparison,—of the 
reproductive and nutritive arrangements,—this proposition has 
taken its rank among the most eminent theorems of natural phi- 
Josuphy, But this beginning of a hierarchy remains obviously 
insufficient,—the numerous famities in each of the three divisions 
remaining under a purely arbitrary arrangement, which we can 
hardly hope to convert into a rational one. ‘he interior distribution 
of species, and even of genera, within each family must be radically 
imperfect, as the requisite taxonomical printiples cannot be applied 
to their arrangement till the difficylty of the co-ordination of the 
families,—a diffigulty much less, but as yet insurmountable,—has 
been overcome. ^ ‘he Natural Method has, therefore, as yet 
yielded no other result, as to the vegetable kingdom, than, the 
more or less empirical establishment of families and genera. We 
cannot be surprised that it has not yet excluded the use of artificial 
methods, and above all that of Linnaeus,—true as it is that, up to 
our time, the co-ordination of the vegetable kingdom was the field. 
for the application of the Natural Method. It should ever be 
remembered, however, that the Natural Method is not merely a 
means of classification, but an important system of real knowledge 
as to the true relations of existing beings: so that even if it should 
be disused for the purposes of descriptive botany, it would not the 
less be of high value for the study of plants, the comparative results 
of which would be fixed and combined by it. In the present con- 
dition and prospects of the science, as to the dstablishment of 
a vegetable series, we must take the whole vegetable kingdom 
together as the last term of the great biological series,—as 
the last of the small number of essential modes of organization 
which (when the subdivisions are disregarded) are markedly sepa- 
rated from each other in the classifitation that gives us the 
logical command of the study of living beings. Applied first to the 
vegetable kingdom, the natural method is now seen to be the means 
" which the animal réalm, the type of all our knowledge of organic 
lile, is to be perfected. To whatsver orders of phenomena natural 
classification is to be applied, here its theory must first be studied ; 
and hence it is that biologieal science bears so important a past, in 
the advancement of the whole of the positive method. Tt is much 
that a considerable progress has been made in ranging, in a due 
order of dignity, the immense series of living beings, from Man to 
the simplesé plant : but, moreover, this theouy of Classification is'an 
eee somni: y i pu uS method ; an element 
Si MN no „have con developed 1n any other way, nor ever 
Tise appreciated. 
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CHAPTER IV. 
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"ORGANIC OR VEGETATIVE LIFE. = 2 3 
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We haye to pass on to dynamical biology, which is very far indeed 
from having attained the clearness and certainty  Congition of 
of the statical department of the science. Important Dynamical 

as are the physiological researches of recent times, elg. 

they are only preliminary attentpts, which must be soundly systema- 
tized before they can constitute a true dynamical biology. The 
minds which are devoted to mathematical, astronomical, and 
physival studies are not of a different make from those of physiolo- 
gists ; and the sobriety of the former classes, and the extravagance 
of the latter, musf, be ascribed to the definite constitution of the 
simpler sciences and the chaotic state of physiology. The melan- 
choly condition of this last is doubtless owing in part to the vicious 
education of those who cultivate it, and who go straight to the 
study of the most complex phenomena without having prepared 
their understandings by the practice of the most simple and positive 
*speculation : but T consider the prevalent licence as due yet more 


to the indeterminate Condition of the spirit of physiological science. . 


In fact, the two disadvantages are one; for if the true character 
of the science were established, the preparatory education would 
immediately be rectified. i : 
This infantine state’ of, physiology prescribes the method of treat- 
ingit here. 1 cannot proceed, as in statical biology, to an analytical 
estimate of established conceptions. I can only examine, in pure 
physiology, the notions of method ; that is, the mode of organization 
of the researches necessary to the ascertainment of the laws of vital 
phenomena. ‘I'he progress of biological philosophy depends on the 
distinct and rational institution of physiological questions, and pot 
on attempts, which must be premature, to resolve them. Concep* 
tions relating to method are always important in proportion to the 
complexity of the phenomena in view: therefore are they especially, 
valuable iu the case of vital phenomena ; and above all, while the 
science is in a aascent state. 3 
Though all vital phenomena are truly interconnected, we must, 
as usual, decompose them, for purposes of speculative yeza? pheno- 
study, into those of greater and those of less generality. mena; their 
This distinction answers fo Bichat’s division into the Aviston. 
organic or vegetative life, which is the common basis of existenge of 
VOL. T, Ze 6 
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all living bodies; and animal life, proper to animals, but the chief 
characters of which are clearly marked only in the higher part of 
the zoological scale. But since Gall's time, it has become necessary 
to add a third division,—the positive study of the intellectual and 
næral phenomena which are distinguished from the preceding by a 
yet-more marked speciality, as the organisms which rank nearest 
to Man are the only ones which admit of their direct exploration. 
Though, under a rigorous definition, this last class of functions may 
doubtless be.implicitly included ip what we call the animal life, yet: 
its? restricted generality, the dawning positivity. of its systematic 
study, and the peculiar nature of the higher difficulties that if offers, 
all indicate that we ought, at least for the present, to regard this 
new scientific theory as a last fundamental branch of physiology, 
in order that an unseasonable fusion should not disguise its high 
importance, and alter its true character. These, then, are the 
three divisions Which remain for us to study, in our survey of 
biological science. H 
Before proceeding to the analysis of organic or vegetative life, I 
Theory of Or- must say a few words on the theory of organic media, 
ganic Media. — without considering which, there can be no true 
analysis of vital phenomena. 
This new element may be said to have been practically introduced 
into the science by that controversy of Lamarck, already treated of, 


. about the variation of animal species through. the prolonged influ- 
ence of external circumstances. It is our business here to exclude ' 


from the researches thus introduced, everything but what concerns 
physiology properly so called, reduced to the abstract theory of the 
living organism. We have seen that the vital state supposes the 
necessary and permanent concurrence of a certain aggregate ‘of 
external actions with the action of the organism itself: it is the 
exact analysis of these conditions of existenge which is the objett of 
the preliminary theory of organic media; and I thinke it should be 
effected by considering separately each of the fundamental influences 
under which the general phenomenon of: life occurs. It cannot be 
necessary to point out the importance of tite study of this half of 
the dualism which is the condition of life: but I may just remark 
on the evidence it affords of the subordination of the organic to the 

Tnorganic philosophy ; the influepce of the medium on the organism 

being an impracticable study as long as the constitution of the 

medium is not exactly known. 

* The exterior conditions of the life of the organism are of iwo 
Waterin con. — Classes, —physical gnd chemical; or, in other words, 
ditions of Life. mechanical and molecular. Both avo indispensable ; 

but the pu may be considered, from ad More rigorous an 

sensible permanence, thd most general,—i not ag to the different 

jigoniems at least as to the continued duration of each c 
lena, A 3 
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First in generality we must rank the action of Weight. There 
is no denying that Man himself must obey, whether jrjz, © 
as weight or projectile, the same mechanical laws conditions. 
that govern every other equivalent mass: and by Welw’. a 
reason of the universality of these laws, weight participates largely 
in the production of vital phenomena, to which it is sometimes 
favourable, sometimes opposed, and scarcely ever indifferent, ‘There 
is great difficulty jn the analysis of its effects, because its isifluehce 
cannot be suspended or much nfodified for the purpose; but ave 
have ascertained something of them, both in the normal and the 
patholégical states of the organism. In the lower, the vegetable 
portion of the scale, the physiological action of weight is less varied 
but more preponderant, the vital state being there extremely simple . 
and least removed from thg 3norganie condition. The laws and 
limits-of the growth of vegetables appear to. depsnd essentially on 
this influence, as is proved by Mr Kuight's experiments on germina- 
tion,oag modified by a quicker or slower motion of rotation. Much 
higher organisms are subject to analogous conditions, without which 
we could not explain, for instance, why the largest animal masses 
live constantly in & fluid sufficiently dense to support almost their 
whole aveight, and often to raise if spontaneously. However, the 
superior part of the animal series is least fit for the ascertainment 
of the physiological influence of weight, from its concurrence with 
a reat number of heterogeneous actions: but this again enables 
us to study it in a variety of vital operations: for there is scarcely 
a function, organic, animal, or even intellectual, in which we may 
not point out the indispensable intervention of weight, which 
specially manifests itself in all that relates to the stagnation or 
movement of fluids. It is therefore much to be regretted thata 
subject so extended and important has not been studied in a rational 
spirit and method. S : 

The next mechanical condition, pressure, liquid or gaseour,— 
js an indirect consequence of weight. Some few 
scientific results have here been obtained, from the 
facility with which pressure may be modified by artificial or natural 
circumstances. ‘There are limits in the barometrical scale, outside 
of which no atmospherical animal, —Man or any other,—can efist. 
We cannot so directly verify such a law in the case of aquatic 
animals : but it would seem that in proportion to the density of the 
‘medium must be the narrowness of the vertical limits assignable te 
the abode of each species. Of the relation between these intervals 
and the degree of organization, it^must be owned, however, that we 
haye no scientific knowledge, our ideas being, in fact, wholly con- 
fused as to the inferior organisms, and especially in thé vegetable 
Kingdom. Though, through many difficulties and complexities, 
the science is in a merely nascent state, some inquiries, such as 
those relating to the influence of atmospheric pressure on the vénouy 


Pressure. 
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circulation, and recent observations on its co-operation in the 
mechanism of standing and moving, etc. show that biologists are 
disposed to study this order of questions in a rational manner. 
Amoig the physical conditions, and perhaps first among them, 
Motion the physiological influence of motion and rest should 
and vest. be investigated. Amidst the confusion and obscurity 
which exist on this subject, I think we may conclude that no organism, 
evén thie very simplest, could live in a state of complete immobility. 
The double Movement of the earth, and especially its rotation, may 
probably be as necessary to the development of life as to the peri- 
odical distribution of heat and light. Too much care, however, 
cannot be taken to avoid confounding the motion produced by the 
organism itself with that by which it is “affected from without ; 
and the analysis had therefore betteg be applied to communicated 
than spontaneousgnotion. And as rotary motion tends, by the laws 
of mechanics, to disorganize any system, and therefore, eminently, 
to trouble its interior phenomena, it is this kind of motion, whieh 
may be studied with the best result; for which object we should 
do well to investigate, in a comparative way, the modifications 
undergone by the principal functions from tle organism being 
made to rotate in such a gradual variety as is compatible, with a 
` normal state. The attempt has as yet been made only with plants, 
and for another purpose; while, in the case of the superior animals, 
including Man, we have only incomplete and disjointed observations, 
scarcely transcending mere popular notions. 


After the mechanical influences, we reach one which affects 


Thermologicat Structure—the thermological action?of the medium. 
action. It is the best known of all; for nothing is plainer 
than that life can exist only within certain limitS of the thermo- 
metrical scale, and that there are limits affecting every family, and 
even every living race ; and again, that the distribution of organisms 
ovar our globe takes place in zones sufficiently marked, as to differ- 
ences of heat, to furnish thermometrical materials to the physicists, 
ina general way. But, amidst the multitude of facts in our posses- 
sion, all the essential points of rational doctrine are still obscure 
and uncertain. We have not even any satisfactory series of obser- 
yations about the thermometrical intervals corresponding to the 
different organic conditions ;—nauch less any lay relating to such a 
harmony, which has never, in fact, been connected with any other 
«essential biological character. This great gap exists as much. witli 
regard to the successive states of the same organism as to the scale 
of organisms. The necessary revision might be best applied first 
to the lowest states; as the egg and the lowest, organisms appear 
able to s&stain wider differences of temperature than those of a 
higher order: and several philosophical biologists have even believed 
„that life may have been always possible on our planet, notwitli- 
sting the different systems of temperature through which its 
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surface has successively passed. On the whole, the sum of our 
analyses may seem to disclose, amidst many. anomalies, a general 
law: that the vital state is so subordinated to a determinate ther- 
mometrical interval, as that this interval perpetually diminishes as 
life becomes more marked,—in the case both of the individual and 
of the series. If even this general law is not yet scientifically 
established, it may be supposed how ignorant we are of the modi- 
fications produced in the organism by variations of external temper- 
ature, within the limits compatible with life. There has even been 
much confusion between the results of abrupt and gradual changes 
of temperature, though experiment has shown that graduation 
vastly expands the limits within which the human organism can 
exist; and again, betwéen the influence of external, and the organic 
production of vital heat. | This lust great error shows that even 
the laying down the questioh remains to be done, The same thing 
may be said of the other exterior conditions, such as light and 
electricity, of which all that we know in this connec- Light, Elec- 
tion is that they, exert a permanent influence needful tricity, cte. 
for the production and support of life. Besides the confusion and 
uncertainty of.our observations, we have to contend with the in- 
feriority of our knowledge of those branches of physics, and with the 
mischief of the baseless hypotheses which we before saw to infest the 
study of them. While physicists talk of fluids and ethers, avowing 
that they do so in an artificial sense, for purposes of convenience, 
physiologists speak of them as the real principles of two orders of ex- 
terior actions indispensable to the vital state. ‘Till reform becomes 
substantial and*complete in the study of light and electricity, these 
will remain the exterior conditions of vitality of which our know- 
ledge is the moŝt imperfect. ‘ é i Fa CN 
Passing on from the physical to the chemical conditions of the 
medium, we dnd our amount of knowledge scarcely Molecular 
more satisfactory. Instrict generality, thisstudy relates conditions. 
to the physiological influence of air and water, the mingling of which, 
jn various degrees, constitutes the common medium ina 2 
necessary to vitality. As M. de Blainville remarked, ana Wata 
they must not be considered separately, as in a physical or chemical 
inquiry, but in that mixture which varies only in the proportions of 
its elements. This might be anticipated froin oti knowledge of thie 
chemical constitution of living bodies, the essential elements of which 
refound only in the combination of sir and water: but we haye 
physiological evidence also, which shows that air deprived of mois- 
ture, and water not aerated, are» fatal to vital existence. In this 
view there is no difference between atmospheric and aquatic beings, 
animal and vegetable, but the unequal proportion of the two fluids ; 
the air, in the one case,serving as a vehicle for vaporized water ; 
sand the water, in the other case, conveying liquefied air. In both 
cases, water furnishes the indispensable basis of all the organic 
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liquids : and the air the essential elements of nutrition. We know 
that the higher mammifera, including Man, perish when the air 
reaches a certain degree of dryness, as fishes do in water which has 
been sufficiently deprived of air by distillation. Between these 
extreme terms there exists a multitude of intermediaries in which 
moister conditions of air and more aerated states of water correspond. 
with, determinate organisms; and the observation of Man in the 
different, hygrometrical states of atmospheres shows how, in the 
indjvidual case, physiological phenomena are modified within the 
limits compatible with the vital state. At we may say that the 
question has been laid down in this inquiry, it is only in a, vague 
and obscure way. Besides our ignorance of the varying proportions, 
we have none but the most confused notions about the way in whicli 
each fluid participates in-the support, of life. Oxygen is the only 
element of the air about which we have made any intelligent inquiry, 
while physiologists entertain the most contradictory notions about 
. azote: and the uncertainty and obscurity are still greater with resaya 
to water. In this state of infancy, it can be no yonder tlfaf the 
science offers as yet no law as to the influence of the medium on the 
organism—even in regard to the question whether a certain condi- 
tion of existence becomes more or less inevitable as the organism 
rises in the scale. d f 
The study of the influence of spécifics does not enter here, on 
Study of account, of course, of the absence of generality ; but 
specifics. it should be just pointed out that, reduced as is the 
number of substances called specifics, there are still enough,—as 
aliments, medicines, and poisons,—to afford a hint of what might 
‘be learned by an exploration of them, in regard to the harmony 
between the organic world and the inorganic. Thé very quality of 
their operation, that it is special and discontinuous, and therefore 
not indispensable, indicates the experimental methode in this case, 
as being certain, well circumscribed, and very various. This study 
may then be regarded as a needful appendix, completingsthe pre- 
liminary biological doctrine which I hate called that of organic 
media, and offering resources which are proper to it, and cannot be 
otherwise obtained. Unhappily, this coinplement is in even a 
more backward state than the more essential portions, notwith- 
standing the multitude of observations, unconnected and unfinished, 
already assembled in this path of research. 
~ If such is the state of preliminary knowledge, it is clear how little 
History of has yet been learned of the laws of life themselves. 
Physiology. ‘The inquiry has gene through revolttions, as other 
questions have, before reaching the threshold of positivity, in our 
day. From the impulse given by Descartes, the ‘illustrious scliool 
of Boerhaave arose in physiology, which exaggerated the subordina- 
tion of biology to the simpler parts of natural philosophy so far ag 
“assign to the study of life the place of appendix to the general 
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system of inorganic physics. From the consequent reaction against 
this absurdity arose the theory of Stahl, which may be {considered 
the most scientific formula of the metaphysical state of physiology. 
The struggle has. since lain between these two schools,—the strength 
of the metaphysical one residing in its recognition of physiology;as 
a distinch science, and that of the physico-chemical in its principle 
of the dependence of the organic on the inorganic laws, as daily dis- ' 
closed more fully by the progress of science. The effect of’ {his 
improved knowledge has been to, modify the conceptions & meta- 
physical physiology : the formula of Barthez, for instance, repre- 
senting a further departure from the theological state than that of 
Stahl; as Stabl's already did than that of Van Helmont, though 
the same metaphysical «entity might be in view when Van Helmont 
called it the arcAeus, and Stahl the soul, and Barthez the vitat 
principle. Stahl iustituted:a Teaction against the physico-chemical 
exaggerations of Boerhaave ; but Barthez estab?ished, in his pre- 
liminary discourse, the characteristics of sound philosophizing, and 
expdsdd the necessary futility of all inquisition into causes and 
modes of production of phenomena, reducing all real science to the 
discovery of their, laws. For want of the requisite practice in the 
positive method, the scheme of Barthez proved abortive; and, after 
having proposed his conception of a vital principle as a mere term 
to denote the unknown cause of vital phenomena, he was drawn 
away by the prevalent spirit. of his time to regard the assumed 
principle as a real and complex existence, though profoundly unin- 
telligible. Ineffectual as his enterprise proved, its design with 
regard to the advancement of positive science cannot be mistaken. 
The progressive spirit 1s still more marked in the physiological 
theory of Bichat, though we find entities there too. ‘These entities 
however show a great advance, as a determinate and visible seat is 
assigned to them. T ie, vital forces of Bichat however still intervene 
in phenomena, like the old specific entities introduced into physics 
and chemistry, in their metaphysical period, under the name of 
faculties or occult virtues, which Descartes so vigorously huuted 
down, and Molière so happily ridiculed. _ Such is the character of 
the supposed organic sensibility, by which, though a mere term, 
Bichat endeavoured to explain physiological phenomena, which he 
thus merely reproduced under another name: as when, for instance, 


che thought he hdd accounted for the successive flow of different 


liquids in one canal by saying that the organic sensibility of the 
canal was successively in harmony with each fluid, and in antipatlly 
to the rest. But for his untimely death, however, there can be no 
doubt that he would haye issued into an entire positivity. His 
treatise on General. Anatomy, though appearing a very few years 
after his treatise on Life and Death, is à great advance upon it; 
nd even in the construction of his metaphysical theory of vital 
forces he certainly first introduced, under the title properties of 
LI 
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tissue, a conception of the highest value, destined to absorb all 
owtological conceptions, and to prepare for the entire positivity of 
-the elementary notions of physiology. The thing required is to 
substitude properties for forces; and Bichat’s treatment of tissue 
° fubilled this condition with regard to a very extensive class of 
ə effects : and thus his theory, while it amended the metaphysical 
doctrine of Stahl and Barthez, opened the way to its entire reforma- 
tion by presenting at once the germ and the exam of purely posi- 
tive conceptions. This is now the state of physiological philosophy 
in fhe minds of the majority of students; and the conflict between 
the schools of Stahl and Boerhaave,—between the metaphysical and 
the physico-chemical tendency,—remains at the point to which it 
was brought up by the impulse communicated by Bichat. It would 
be hopeless to look to the oscillations of this antagonism for an 
advance in science. If the one doctrine prevailed, science would 
be in a state of refrogression ; if the other, in a state of dissolution 5 
as in our social condition, in the conflict of the two political tep- 
dencies, the retrograde and the revolutionary. The progteSs of 
physiology depends on the growth of positive elementary concep- 


tions, such as will remand to the domain of history the controversy ' 


from which nothing more is to expected. Abundant promise of 
such an issue now appears: the two schools have anntilled each 
other; and the natural development of the science has furnished 
means for its complete institution to be begun. ‘This I look upon 
as the proper task of the existing generation of scientific men, who 
need only a better training to make them adequate to it.. If, from 
its complexity, physiology has been later than other sciences in its 
rational formation, if may reach its maturity more rapidly from the 
ground having been cleared by the pursuit of the aaterior sciences. 
Many delays were occasioned in their case by*transitory phases 
which were not understood in the earlier days of positivity, ‘and 
which need never again arrest experienced investigation. It may 
be lfoped that physiologists will spare their science the useless and 
humbling delay in the region of metaphysical hypothesis which long 
embarrassed the progress of physics. 7 
The true philosophieal character of physiology consists, as we 
o PRilosophical have seen, in establishing an exact and constant 
rand harmony between,the statical and the dynamical 
U^ points of view,—between the idéas of organization 
and of life,—between the notion of the agent and that of the act ; 
ind dad ws p. onn to reduce all abstract conceptions 
MES cheno on 8 1 DELE T Pec 
minate Sirm In other Nod 5 fe neh conveys the aden Olas 
Sponding properties must lene Teduction of functions to corre- 
LOMA Bi ‘ae regarded as the ‘simple consequence 
; pounding the general life into the different; functions,— 
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Dichat's conception of the properties of tissue contains the first 
germ of this renovated view ; but it only indicates the nature of the 
philosophical operation, and contains no solution of the problem. 
Not only is there a secondary confusion between the properties of 
tissue and simple physical properties, but the principle of the cón- 
ception is vitiated by the irrational distinction between the proper- 
lies of tissue and vital properties; for no property can be admitted 
in physiology without its being at once vital aud beloyging to 
tissue. In endeavouring to harmonize the different decrees of 
physiological and of anatomical analysis, we may lay down ‘the 
philosophical principle that the idea of property which indicates 
the last term of the one must correspond with dsswe, which is the 
extreme term of the other ; whilst the idea of function, on the other 
hand, corresponds to that of organ : so that the successive ideas of 
function and of property present a gradation of thoughts similar to 
that which exists between. the ideas of organ and of tissue, except 
that. the one relates to the act and the other to the agent. This 
relation appears to me to constitute an incontestable and important 
rule in biological philosophy ; and on it we may establish the first 


-great division anong physiological properties. We Division of 


have seen how in anatomy there is a division between the study. 


the fundamental, generating tissue, the cellular, and the secondary 
tissues which result from tfe combination of certain substances 
with this original web; atid in the same way must physiological 
properties be divided into two groups —the one comprising the 
general properties which belong to all the tissues, and which consti- 
tute the proper*life of the cellular tissue ; and the other, the'special 
properties which characterize its most marked modifications,—that 
js, the musculaf and nervous tissues. ‘This division, indicated by 
ingly agrees with the great physiological distinction 
between the erganic orevegetative and the animal life; as the first 
order of properties must afford the basis of that general life, com- 
mon to ail organized beings, to which vegelable existence is reduced ; 
while the second relates éxclusively to the special life of animated 
beings. Such a correspondence at once makes the principle more 
unquestionable, and facilitates the application of the rule. 

lf we look at what has been done towards the construetion 
of this fundamenta] theory, we shall find that it is fairly accom- 
plished with regard to the secondary, or animal tissues, —all the 
general phenomena of animal life being unanimously connected 
with irritability and sensibility,—these being considered as attributes 
each of a definite tissue: and thus, the most marked case is the best 
understood. But the other division, —the properties which are wholly 
general, belonging to the universal life, are far more important, as 
underlying the others; and an extreme confusion and divergence 


exist with regard to them. No clear and satisfactory conception 
of the second class can be formed while the first is left in obseurity: 
" E 


a 


362 POSITIVE PHILOSOPHY. 


and thus, the science remains in a purely provisional state,—ils 
dévelopment having taken place in an order inverse to that which 
its nature requires. 
The functions which belong to the vegetative life are two,—the 
^ antagonism of which corresponds to the definition of 


Two functions v. = à < d Y 
of the or- life itself: first, the interior absorption of nutritive 
ganic life. materials from the surrounding medium; whence 


resiilts,«fter their assimilation, final nutrition ; jind secondly, the 
exhalation o£ molecules, which then become foreign bodies, to be 
parted with, or disassimilated, as nutrition proceeds. It appears 
to be an error to make digestion and circulation characteristics of 
animality ; as we certainly find them here in the fundamental sense 
of both. Digestion is properly a preparation*of aliment for assimila- 
tion; and this takes place in a simplg and almost unvaried manner 
in vegetable organisms: and circulation, though nothing like what 
it is in animals, where there is a central organ to effect it, is not 
less essential in vegetative life,—the lowest organism showing, the 
continual motion of a fluid holding in suspension or dissolved, 
matters absorbed or thrown out; and this ‘perpetual oscillation, 
which does not require a system of vessels to itself, but may take 
place through the cellular tissue, is equally indispensable, to animal 
and vegetable existence. These, then, are the two great vegetative 
processes, performed by properties which are provisionally supposed 
(after the analysis of M. de Blainville, which is open to some objec- 


tions) to be three,—hygrometricity, capillarity, and retractility. , 


This analysis shows clearly that the actions which constitute vege- 
table life are simple physico-chemical phenomena $ physical as to 
the motion of the molecules inwards and outwards; and chemical 
in, what relates to the successive modifications of these different 
substances. Under the first aspect, they depend on the properties, 
hygrometrical, capillary, and retractile, of tle cellular 4issue : under 
the second, and much more obscure at present, they relate to the 
molecular action whichsits composition admits. This is the spirit 
in which the analysis of organic phenoniena, should be instituted ; 
whereas that of animal phenomena should be regarded from a 
wholly different point of view, as we shall sce hereafter. 

_, Phe study of this vegetative life is not even yet rationally organ- 
ized. We have seen that, in the anatomical view, tlie vegetable 
kingdom is regarded as the last term of an unique series,—the 
various degrees of which differ, for the most part, more widely, from 
each other than any one of them from this extreme term, The 
same conception should direct physiological speculations on the 
organic life, analysed uniformly for all living beings: but this has 
not hitherto been even attempted. ‘Till i$ is accomplished, no 
tial point of physiological doctrine cas be established, however 
able may be the investigations carried on, and however valuable thé 


,, Materials supplied. It may be alleged that the phenomena relating 
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to general life may be studied in the broadest simplicity in vegetable 
organisms: butit isno more possible in physiology than in anatomy 
to interpret the extreme cases in the scale by each other without 
having passed through the intermediate degrees : and the dynamical 


case is the more difficult of the two: so that the isolated study, of 


the organic life in vegetables cannot illustrate that of the higher , 


order of animals. And one natural consequence of this irrational 
isolation of the vegetable case is that chemists and physicists ‘have 
engrossed researches which properly belong to biglogists alone. 
The comparative method, which we have seen to be the character- 
istic resource of biological philosophy, has not as yet been duly in- 
troduced into the general study of organic life, though it is at once 
more indispensable, atid more completely applicable, than in the 
case of animal life. If it were consistent with the character of this 
Work, we could point ont gaps at almost every step, and about the 


"simplest phenomena, which must shock any inquiring mind :—the * 


da]jness, doubts, and differences about digestion ; and again about 
gaseous digestion, or respiration ;—in regard to which the most 
contradietory opinions are held :—divergences nbout the simplest 
preliminary phenomena of vegetative lile, which show how much 
has to, be done before we can undertake any direct investigation into 
the phenomena of assimilation and the converse process. ^ 

We shall find ourselves even further from satisfaction if we turn 
from the consideration of the functions of organic life Results of 
to those more compound phenomena which are usually — ?77«ic action. 
confounded with them, but which M. de Blainville has taught us to 
distinguish as Pesults from the action of, nof one organ or set of 
organs, as in the case of function, but of the simultaneous action of, 
all the principal organs. Of these results, the most Sinise 
immediate and necessary 18 the continuous state Qf composition 
composition and decomposition which characterizes ana Raoni 
the vegetative life, Tgnorant as we are of assimilation e 
and secketion, the very questions cannot have been as yet suitably 
laid down. No one has* thought, for instance, of instituting an 
exact chemical comparison between the total composition of each 
organism and the corresponding system of alimentation: nor, con- 
versely, between the exhaled products and the whole of the agents 
which had supplied or modified them ; so that we can give no pre- 
cise scientific account of the general phenomenon of the composition 
and decomposition of every organism as a necessary consequence of 
the concurrence of the different functions. We have at present 
only incomplete and disjointed materials, which have never been 
referred to any general fact. , 

Tt is acknowledged now that all organisms have, more or less, 
the character which used to be ascribed to only the — paty 
"highest, of sustaining a determinate temperature, Te 
notwithstanding variations of heat in their environment ; and thi 
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is a second-result of the whole of the vegetative functions, which 
almost always coexists with the first. But this important study is 
not only in a backward state, but ill-conceived. Besides the error 
before noticed, of confounding vital heat with the temperature of 
the medium, the fundamental character of the phenomenon appears 
to me to have been misconceived. Its modification by the animal 
functions can never be understood till it has been studied in its 
primitige universal manifestation in all living bodies, each of which 
represents a.chemical centre, able to maintain* its temperature 
against external iufluences, within certain limits, as a necessary 
consequence of the phenomena of composition and. decomposition. 
This is doubtless the point of view from which the positive study of 
vital heat must be regarded; and to consider it under the modifica? 
tions of animal life, is to place the accessory before the principal, 
and to propose views which are merely ‘provisional, if not erroneous. 
In the most recent works upou this leading subject, the organic 
foundations are, it is true, more carefully considered: but the 
investigation cannot be said to be duly instituted as long às the 
vegetable organism is not regularly introduced into it. i 
These remarks are even more applicable to the«electrical study of 
Electrical living bodies, Here we find again, and with agera- 
gu ation, the confusion between organic aétion and 
external influence, as well as the aberrations remarked on in physics 
about ethers and electric fluids. Here, too, we meet with the error 
observed upon in the last case, about the physiological origin of 
the phenomenon. And here, again, we are, bound to conclude 
that a permanent electrization is ascribable to acts of composition 
and decomposition, notwithstanding the electrical variations of the 
medium. And again we find that the animal functions can only 
modify, by accelerating or augmenting, more of less, the funda- 
mental phenomenon. But the electrical apalysis of he organism 
is yet further than the thermological from being conceived of and 
pursued in a rational view. : E i 
Next follow the general phenomena which result; in a léss direct 
and necessary manner from the whole of the Vegetative functions ;— 
the produetion and development of living bodies. 
Notwithstanding the original investigations of Harvey aud of 
Production Faller, with regayd to the superior animals, this 
and develop- Investigation may be considered, owing to its com- 
" n of living plexity, to beanore in the rear of a positive institution 
à than any of the preceding. ‘The tendency to search 
for causes and modes of production of phenomena;instead of for 
their laws, has acted with fatal effect here; and, amidst every kind 
of deficiengy, the main cause of the obscurity of the case “is, 
undoubtedly, that studenÎs have occupied themselves in lookine for 
what cannot be found. However, the labours of anatomists and. 
Boologists have evidently prepared the way for a more rational 
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study. It is even worthy of remark that some students who were 
most bent on the search into causes have been led on by the spreed 
of the positive spirit, to spend their efforts ou inquiries into ovology 
and embryology, which are assuming a more scientific character 
every day. Still, the preliminary requisite for the iormation of 
doctriney—a fundamental analysis,—remains unfulfilled; and the 
ascertainment of the laws of production and development is not, 
therefore, to be attempted at present. In the lowest depaytulents 
of the scale, the multiplication of organisms takes place by a simple 
prolongation of any part of the parent mass, which is almost hotho- 
geneous ; and in this extreme case, we understand the phenomenon 
to be analogous to every other kind of reproduction of the primitive 
cellular tissue. In the higher degrees of the scale, we are in the 
dark from the moment we depart from immediate observation ; and 
when the simplest previsiofis are so radically uncertain and. even 
erroneous as in this case, the science may be pronounced to be in a 
statg of infancy, notwithstanding the imposing appearance of the 
mass Of works accumulated for its illustration. 

‘The comparative method has been applied in a yet more incom- 
plete way to the phenomena of organic development. "Phe question 
has neyer yet been laid down under a form common to all organisms, 
including the vegetable. T'he grave error is still committed of 
studying the development in°the animal cases alone; so that the 
most eminently animal of the systems, the nervous, is represented 
as the first to appear in the embryo of the higher orders,—a 
supposition adverse fo the institution of any really general concep- 
tion of the thecry of development, and in direct opposition to one 
of the most constant laws of biological philosophy,—the perpetual 
accordance beteen the chief phases of the individual evolution and 
the most marked successive degrees of the organic, hierarchy ; for 
jn this last view the nesvous tissue is seen to be the latest and most 
special transformation of the primitive tissue. The preliminary 
analysis’, of organic development is, ther, still far from Being’ 
conceived of in a rational spirit, governed by the high philosophical 
intention of reconciling, as much as possible, the various essential 
aspects of the science of living bodies. é 

To be complete, this analysis should evidently be followed by the 
inverse, and yet correlative study of the decline of Decline of the” 
the organism, from its maturity to its death. The o7gantsr 
general theory of death is certainly in & very backward state, since 
the ablest physiological researches on this subject have usually 
related to viofent or accidental death; considered, too, in the highest 
organisms exclusively, and affecting functions and systems of organs 
of*an essentially” animal nature. As for the deterioration of the 
organic life, we have yet,attained to only Sine initiatory philosophical 

o glimpse, which exhibits it as a necessary consequence of life itself, 


by the growing predominance of the movement of exhalation over 
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that of absorption, whence results gradually an exaggerated consol- 
idution of the organism which was originally almost fluid, a process 
which, in the absence of more rapid influences, tends to produce 
à states of desiccation incompatible with all vital phenomena, 
Viluable, however, as is such a glimpse, it serves only to charac- 
terize the true nature of the question, by indicating the general 
diregtion of the researches which it requires. ‘The important 
con&idesations relative to animal life could not b rationally intro- 
duced into such a subject till this preliminary doctrine shall have 
been established ; as in regard to all the other points of view before 
examined. E 
Summary as this review has been, we have seen enough to b 
authorized to conclude that the backward’ state. of physiologica 
science is owing mainly to the vicjous training of physiologists, 
and the irrationgl institution of their habitual labours. The 
circulation of the blood, the first general fact which gave birth to 
positive physiology; and the laws of the fall of bodies, the first 
acquisition of sound physics, are discoveries almost absolutely 
contemporaneous ; and yet, what an immense inequality there is 
now in the progress of two sciences setting out from so similar a 
disclosure! Such a difference cannot be attributed wholly to the 
greater complexity of physiological phenomena, and must have 
depended much also on the scientific spirit which directed their 
general study, to the level of which the greater number of those 


who cultivate it have been unable to rise. ‘The phenomena of the , 


vegetative life obviously require, both for theig analysis and their 
explanation, an intimate combination of the leading notions of 
inorganic philosophy with physiological considerations, obtained 
through a thorough familiarity with the preliminary laws relating 


` to the structure and classification of living bodiés. Now, each of 


these inseparable conditions is, in our day, she separate property of 
2 particular order of positive investigators, Hence we have, on the 
one hand, the supposedeorganic chemistry, a bastard study, which 
is only a rough first sketch of vegetable physiology, undertaken by 
inquirérs who know nothing of the true subject of their labours: 
and, on the other hand, vague, incoherent, and partly metaphysical 
docteines, of which physiology has been chiefly constituted by minds 
almost entirely destitute of the mast indispensable preliminary ideas. 
The barren anarchy which has resulted from so vicious an organi- 
zation of scientific labour weuld be enough of itself to testify to.the 
direct utility of the general, and yet positive point of view which 
characterizes the foregoing surveys . b. 
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CHAPTER V. "s 
TIE ANIMAL LIFE 


n 
Tr was only by a late and long-prepared effort that the human mind - 
could attain that state-of abstraction and physiological generality 
necessary for the comprehension of all vital beings,—from Man to 
the vegetable,—as one series. Tt is only in our own day that a point 
of view so new and so difficult has been established ; and as yet, 
among only the most advanced minds, even as regards the simplest 
genéril aspects of biology,—in the statical study of the organism. 
Tt is not at all surprising that physiological comparison should 
have been first applied to the animal functions, because they first 
suggest its importance and possibility, however clearly it may after- 
wards appear that the organic life at once requires and admits a 
larger and more indispensable àpplication of the comparative method. 
Looking more closely, however, into this evident existing superiority 
of animal over organic physiology, we must bear in mind the dis- 


^ tinction between the, two elementary aspects of every positive study, 


—the analysis of phenomena and their explanation. It is only with 
yegard to the first that the animal life has been in reality better ex- 
plored than the organic. It is not possible that the explanation of 
the most special ànd,complex phenomena should be more advanced 
than that of {he most simple and general, which serve as a basis to 
the others. Such a state of the science would be in ópposition to all 
the established laws of the human mind. — « : 
However imperfect the*theory of organic phenomena still is, it is 
unquestionably conceived in a more scientific spirit than we find in 
any explanations of animal physiology. We have seen that the 
vegetative phenomena approach most nearly to the inorganic jv and 
that the school of Boerhaave sinned only in exaggeration, pro- 
ceeding from insufficient knowledge ; and it must qoum 
be by this time evident that this is theslink between From thein- 
the inorganic and the biological philosophy, by which 2777 gorg 
we are enabled to regard the whole of natural philos- an 
ophy as forming a homogeneous and continuous body of doctrine. 
By a natural congequence, a wholly different view must;be taken of 
ihe rational theories of animal life: that is, of the phenomena of 
irritability and sensibility, which offer no basis of analogy with in- 
organic phenomena. With regard to sensibility, no one wills ques- 
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tion this: and as to irritability, —though contraction may be seen 
asa movement occasioned by heat, and yet more, by electricity, 
these phenomena must be carefully separated from the contractile 
+ - effect ofthe irritable fibre which is a product of the nervous action ; 

* an@ especially when it is voluntary. Irritability is as radically ^ 
, foreign to the inorganic world as sensibility; with which, too, itis +» 
Primitive inseparably connected. This double property is, then, 
nervougpro- strictly primitive in the secondary tissues, and there- 
BEBE alore no more a subject of explanation than weight, 

heat, or any other fundamental physical property. Whenever we 
have a true theory of animal life, it will be by comparing all the 
general phenomena which are connected with this double property, 
according to their preparatory analysis, in order to discover their 
laws; that is, as in all other cases, their constant relations, both of 
succession and similitude. This will®be done in order to the usual OR 
end of obtaining £ rational prevision ; the subject here being theo 

mode of action of a given animal organism, placed in determinate 
circumstances ; or, reciprocally, the animal arrangement tha nay 

be induced by any given act of animality. All attémpts to explore 

the nature of sensibility and irritability are mere ‚hindrances in the 

way of this final aim, by drawing off our attention from the laws of o 
animality in a vain search after what can never be found.^ ^ ~ 

The true relation of the animal to the organic life must throughout 

Relation of the Pe carefully kept in mind. This relation is double. 
animal tothe The organic life first serves as the basis of the animal ; 
organiclife. ^ and then as its general end and object. We have 

dwelt enough on the first, if even any one Would think of con- 

testing that, in order to move and feel, the animal must first live; 

and that the fundamental vegetative life could not cease without .^ 

extinguishing the other. As for the second relation, it is evident 

that the phenomena of irritability and sengibility are directed “by Ci 

the general needs of the organic life, which they serve by procuring 

bettér materials, and by, guarding against unfavourable influences. 

Even the intellectual and moral functions have usually ño other 

primitive office. Without such a destination, these properties would 

either destroy the organism or themselves perish. It is only in the 

human species, and even there only under a high degree of civiliza- 

tidn, that any kind of inversion of this order can be conceived of, 

In that case, the vegetative life is essentially sübordinated to the 

animal, the development of which it is alone destined to aid; and 

this, it seems to me, is the noblest scientific notion that wé van 

form of humanity, distinct from anjmality :—a transfo?mation which 

can be safely considered as possible only by transferrine to the" 

whole species, or at least to society, the primitive end which, cin 

the case of animals, is linfited to the individual, or, at the utmost, 
waite family, as we shall see hereafter. It is only among a small, 
mer of men, and it is very far indeed from being a just matter 
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of expectation from the whole species, that the intellect can acquire : 


such a preponderance in the whole of the organism as to become fhe 
end and object of human existence. An exception so ‘special, and 


so easy to explain in the case of Man, cannot alter the universality + 


of a consideration verified by the whole animal kingdom, whefein 


the animal life’is seen’ to be always destined-to perfect the organic. 4 


It is only by a scientific abstraction, necessary for purposes oí» pro- 
gress, that we can provisionally conceive of the first as isolated from 
the second, which is, strictly speaking, inseparable from it under the 
double aspect just exhibited. Thus, as the positive theory of ani- 
mality, must, continually rest on that of general vitality, it is indis- 
solubly combined with the whole of inorganic philos- 7, inorganic 
óphy, which furnishes the basis of organic physiology. philosophy. 

In a secondary sense, the same dependence exists. We admitted, 
while reviewing mathematical philosophy, that she laws of equili- 
‘rium and motion operate among all orders of phenomena, being 
absolutely universal. Among . physiological phenomena we find 
them Siccordingly ; and, when contraction is produced by the irrita- 
bility of the muscular fibre, all the phenomena of animal mechanics 
which result, whether for rest or locomotion, are dependent on the 
general laws of mechanics. In an inverse way the same thing 
takes place with regard to the functions of sensibility, in which the 
inorganic philosophy must intéyvene in connection with the primitive 
impression on the sentient extremities, carefully distinguished from 
its tramsmission by the nervous filament, and its perception by the 
cerebral organ. ‘This impression acts through an intermediate 
physical apparatus, optical, acoustic, or other, the study of which, 
according to appropriate physical laws, constitutes a chief element 
of the positive analysis of the phenomenon. Not only must we use 
the knowledge alfeady established, but we want, fer our analysis, 
further progress in it, and. even the creation of new doctrines, as 
the theory of flavours, and yet more of odours, in regard to the mode 
of propagation of whicli there are doubtlesseseveral general laws, of 
a purely inorganic character, remaining to be established. In in- 
vestigating these connections between biology and inorganic science, 
we find again what we saw before, that chemistry is spontaneously 


` related tovegetablephysiology, and physics especially to animal pliysi- 


ology.; though neither could be altogether dispensed with in either 
department, where they are required more or less in combination. 
Our ideas of the double property o$ irritability and sensibility 
cannot be truly scientific till each is irreversibly Properties 
assigned to a corresponding tissues Bichat conceived —— " “sue. 
of all tissues as necessarily sensitive aud irritable, but in different 
degrees ;—an error which was natural or inevitable at «time when 
so little was known of tissue in the way of anatomical analysis, but 
ene which, if maintained now, would hand over the whole science 
to the physico-chemical school, and efface all real distinctión bes 
VOL. I. . 24 * 
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tween the inorganic and organic departments of natural philosophy. 
Rational biology requires that the two properties should be inherent 
in determinate tissues,—themselves modifications, profound and 
distinctly marked, of the primitive cellular tissue—that our ana- 
torical data may be in harmony with the physiological ; in other 
words, that the elementary ideas of tissue and of property should 
be in, perfect correspondence. ‘The scientific character of physiology 
in this Cirection is essentially defective among biologists in general. 
¿But the new explorations continually made show us 
how it was that Bichat was misled. He considered 
it proved that sensibility existed where there were no nerves: but 
further investigation proves that the symptoms of sensibility were 
erroneously attributed to an organ deprived of nerves, instead of 
being referred to the simultaneous injury of neighbouring nerves ; 
or that the nervous tissue existed, tħoùgh it was difficult to find. 
If cases apparently contradictory still remain, it would be obviously: 
absurd to reject.on their account a conception required by the 
principles of rational physiology, and founded on unquestivifible 
cases, by far more numerous and decisive than those which still 
seem to be exceptional. ‘his consideration should be applied to 
different organisms, as well as to the different tissues of the human 
organism. ‘The animals supposed to be without nerves,’on which 
the metaphysical school has insisted’ so much, disappear as com- 
parative anatomy enables us to generalize more and more the idea 


Sensibility. 


of nervous tissue, and to detect it in the inferior organisms. Tt is - 


thus, for instance, that it has been recently found in several radiated 
animals. The time has come for its being established as a philoso- 
phical axiom that nerves are necessary for any degree of sensibility, 
the apparent exceptions being left as so many ancmalies to be re- 
solved by the future progress of anatomical analysis. 

The same process must be instituted with the common notioris of 
irritability, which are still ruled by Bichat's theory. 
He supposed, for instance, that the" contractions of 
the heart were determined, independently of all uervous action, by 
the immediate stimulus of the flow of the bloód towards it; whereas, 
it is now established that a provision of nerves is as indispensable 
to the irritability of this muscle as of any other; and generally, 
that the great distinction laid dogm by Bichat, between organic and 
animal contractility, must be abandoned. All “irritability is then 
necessarily animal; that is, it requires a corresponding neryous 
provision, whatever may be the immediate centre from which the 


Irritability. 


nervous action proceeds. Much illustration of this stfject is needed: 


for its scientific use, though not for the logical sanction of a principle 
already placed beyond dispute. We need. this further enlighten- 
ment, not only in regard to the use of the,modern distinction made 
by many physiologists between the sensory and the motory nerves, 
though such a question has considerable philosophical importance ; 


. 
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but much more in regard to another consideration, more direct and 
more eminent, in regard to which we are in a state of most incen- 
venient uncertainty and obscurity: I mean the scientific distinction 
which must be maintained, sooner or later, between the volunfary 
and involuntary motions. The doctrine of Bichat had the advan- 
tage of sepresenting this difference, which we see, in fact, to haye 
furnished him with his chief arguments; whereas, now that ve 
insist on irritability being of one kind only, and dependent ena 
nervous provision, we find ourselves involved in a, very delicate 
fundamental difficulty, the solution of which is however indispen- 
sable, do enable us to understand how all motions must not be 
indistinctly voluntary. For this solution we must obtain—what 
We certainly have not #s yet—an exact co-ordination of anatomical. 
differences with incontestable physiological differences. ‘There can 
be no question that such a phenomenon as the voluntary movements 
wf the locomotive muscles while that of the cardiac muscle remains 
absolutely involuntary, must admit of analysis, however difficult it 
may Ub. Here then we find a chasm among the very principles 
of the science, by which the positive theory of irritability is much 
perplexed, certaineas is its principle. In almost all cases the ablest 
anatomist is unable to decide otherwise than by the fact itself, if 
any definite motion is necessarily voluntary ov involuntary ; which 
affords sufficient proof of the*absence of any real law in the case, 
he solution will probably be obtained by an analysis of the inter- 
mediate motions, as we may call them,—those which, involuntary 


* at first, end in becoming ‘voluntary ; or the reverse. These cases, 


which ave very “common, appear to me eminently fit to prove that 
the distinction between voluntary and involuntary motions arises 
from no radical difference of muscular irritability, but only from the 
mode, and perhips the degree of innervation; modified by long 
habit. lf this be as generally true as it seems to be in some cases 
of acquired control, it must be supposed that the most involuntary 
motions, which are those most indispensable to life, would have 
been susceptible of voluntary suspension (not even excepting the 
motions of the heart) if their incessant rigorous necessity had not 
hindered the contraction of suitable habits in their case. While we 
conclude it-to be probable that the difference between the two kinds 
of motion proceeds indirectly from,the action of the entire nervous 
system upon the muscular system, we cannot help perceiving how 
greatly science stands 'in need of a thorough new examination into 
this obscure fact. 3 t 
This brief sùrvey shows us the-general imperfection of the: study 
of animality. We shall find that even in the depart- , Present state 
mént of the primitive «inalysis of its general pheno- of anatysis of 
mena, in which it appears so superior to that of the | «"imelity. 
organic life, it is very far indeed from being yet fit for exploration 
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In regard to irritability, first—the mechanism of no animal 
a movement has yet been satisfactorily analysed, —all the 
` Movement: chief cases being still the subject of radical controversy 
ameng ëqually qualified physiologists. We retain a vicious dis- 
tinétion among movements, contrary to all mechanical judgment, — 


>a distinction between the general motion which displaces the whole 


mass, and the partial motions which subserve the organic life, —as 
for thecreception of aliment, or the expulsion of any residuum, or 
the,circulatiom of fluids; yet the fiyst order are partial, though their 
object is unlike that of the second ; for, in a mechanical view, the 
organism allows of no others. By the great laws of motign, the 
animal can never displace its centre of gravity by interior motion 

without co-operation from its environment, any more than a steam* 
carriage which should work without friction on a horizontal plane, 
turning its wheelsgwithout result. Thé movements which produce 
locomotion are not mechanically different from thoge, for instance! 
which carry food along the alimentary canal ;—the difference is àu 
the apparatus, which, for locomotion, consists of exterior apperfdiges, 
so disposed as to cause a reaction in the medium, which produces 
the displacement of the whole body. Certain mollusks furnish an 
illustration of this, when they change their place by means of con- 
tractions of the cardiac muscle, or of intestinal muscles. “Che sim- 
plest notions of animal mechanics beiñg thus obscured and corrupted 
in their origin, it is no wonder that the physiologists still dispute 
about the mechanism of the circulation, and most of the means of 
locomotion, as leaping, flying, swimming, etc. . ,Jn the way in which 


. they proceed, they are remote from any mutual understanding, and 


the most opposite opinions may be maintained with equal plausi- 
bility. It needs but a word to suggest to those who have attended 
to what has gone before, that this extreme imperféction results from 
the inadequate and faulty education of physiologists, who are “too 
often ignorant of the inorganic science which is here directly in- 
volved. ‘The complexisy of the animal apparatus, and the impos- 
sibility of bringing the primitive moving’ powers under any mathe- 
matical theory, will for ever forbid the application of numerical 
methods: but the great laws of equilibrium and motion are 
appticable, through all varieties of apparatus, and are the same in 
animal mechanics, or celestial, ox industrial, or any other mechanics 
whatever. Some physiologists, finding their difficulty, have handed 
over their study to the eeemeters and physicists: and these, with 
their habits of numerical precision, and their ignorance of anatomy, 
have brought out only absurd results. The remedy 4s, as we know 
in the work being consigned to physiologists, duly prepared by a 
nent training in inorganic science. Thestudy of animal sourds, 
ane honation, for instance, cannot be. carried on to any purpose 

hout such knowledge as physicists have of the theory of sound « 
and the sener: : i roice, s Ty, i 

; ue general production of the voice, and the differences of utter- 
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ance among animals, require for their explanation a knowledge at 
once of acoustics and anatomy ; and speech itself requires this pre- 
paration no less, while demanding other requisites with it. 1t is 
io be hoped that all experience, in each department of Scientific . 
inquiry, will convince students more and more of the folly and mis- 
chief of the anarchical parcelling out of natural philosophy; but theo 
physiologists are those who, above all, must see the need of a better 
organization of scientific labour,—so remarkable as is the suBordina- 
tion of their particular science toxall that have gone kefore, — , 
The analysis of the phenomena of sensibility is not more satis- 
factory than that of irritability: and even less so, if we leave out of 
the account the great knowledge that we have obtained, by anntom- 
ical study, of the corrésponding organs; a knowledge which, how- 
ever, must here be connected with physiology. The least imperfect 
»wt of this study relates to the simple extericy sensations. The 
phenomenon of sensation is composed of three ele- Bextor 
nents, as we have seen : the impression of the external sensation; 
agent or the nesvous extremities, by the aid of some physical appa- 
ratus; the transmission by the nervous fibre; and the reception by 
the cerebral orgati. The first of these suggests, like the mechanical 
facts we have been considering, the immediate dependence of the 
phenomenon on the laws of the inorganic world ; as the relation of 
the theory of vision to optics : of the theory of hearing to acoustics, 
jn all that concerns the mode of action proper to the apparatus of 
sight and hearing. And yet, more expressly than even in the case 
* of mechanics, have thèse theories been delivered into the hands of 
the physicists, Who, again, bring ont results from their treatment of 
them which are manifestly absurd. The only difference between 
this case and the preceding is that the metaphysicians have kept a 
longer hold upon this part of animal physiology,+—the theory of 
sensations haying been abandoned to them till a very recent time. 
Tt was not, indeed, till Gall imparted his ever-memorable impulse 
to the investigation, that. physiologists claimed this department at 
all. It is no wonder, therefore, that the positive theory of sensa- 
tions is less well conceived, and more recent, than that of motion ; 
and naturally more imperfect, independently of its superior difficulty, 
and the backwardness of those branches of physics to which 36 
yelates, The simplest modifications of the phenomenon of vision 
and of hearing cannot as yet be referred with certainty to deter- 
minate organit, conditions; as, for instance, the adjustment of the 
eye to see distinctly at very various distances; a faculty which the 
i 1 the physicists to attribute to various 


physiologists have allowec : l 
circumstances of. structure, always illusory or- ingdequate, the 
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all intellectual reflection, is rarely circumscribed with any distinct- 
ness, Thus it is no wonder if we are still ignorant of almost all 
positive laws of sight and hearing, and even of smell and taste.— 


hé only point of doctrine, or rather of method, that we may con- 


sider to have attained any scientific stability, is the fundamental 


order in which the different kinds of sensations should be Studied : 


and this notion has been supplied by comparative anatomy rather 
than by physiology. It consists in classifying the senses by their 
increasing speĉiality,— beginning with the universal sense of contact, 
or touch, and proceeding by degrees to the four special senses, taste, 
smell, sight, and finally, hearing. This order is rationally«deter- 
mined by the analysis of the animal series, as the senses must bg 
considered more special aud of a higher kiud in proportion as they, 
disappear from the lower degrees of the zoological scale. It is 
remarkable that tkis gradation coincides with the degree of impor- 
tance of the sensation in regard to sociality, if not to intelligence. 
Unhappily, it measures yet more evidently the increasing impet- 
fection of the theory—We ought not to pass over the luminous 
distinction introduced by Gall between the passive and the active 
state of each special sense. An analogous consideration to this, 
but more fundamental, would consist, it seems to me, in distinguish- 
ing the senses themselves as active apd passive, according as their 
action is, from their nature, voluntary or involuntary. This dis- 


tinction seems very marked in the case of sight and hearing; the 


one requiring our free participation, to a certain extent, while the 
other affects us without our will, or even our «consciousness. The 
more vague, but more profound influence that music influences over 
us than we receive from painting, seems to be chiefly attributable 
to^such a diversity. An analogous difference, but less marked, 
exists between taste and smell. o 4 
There is a second class of sensations, foriping the matural tran- 
Taterior sition from the study of the sensations to that of the 
ipenection: affective And intellectual functions, which alt physio- 
logists, since the time of Cabanis, and yet more, of Gall, have 
found it necessary to admit, to complete the study of the sensa- 
tions. They are the interior sensations which relate to the satis- 
facifon of the natural wants; and, in a pathological state, the pains 
produced by bodily alteration. ‘hese are still more indispensable 
than the first to the perfection of the organic life; aud, though they 
procure no direct notious^of the external world, „they radically 
modify, by their intense and continuous action, the gencral course 
of intellectual operations, which ‘ire, in most animal species, en- 
tively subordinated to them. This great department of the theory 
of sensatiofis is even more obscure and unaidvanced than the fore- 
going. The only positive notion which^is fairly established in 
mood itis that the nervous system is indispensable to botlt 
sensibility. 
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Once again we see how the extreme imperfection of doctrine here 
is owing to the imperfection of method ; and that again, as before, 
to the inadequate preparation of the inquirers to whom -the study 
belongs. It is a great thing, however, ito have withdrawn the 
subject from the control of the metaphysicians ; and some labours 
of contemporary physiologists authorize us to hope that the true 
spirit of the inquiry is at length entered into; and that the study” 
of the sensations will be directed, as it ought to be, to develop the 
radical accordarive between anatomical and physiological analysis. 

Having reviewed the two orders of animal functions, we must 
consider the complementary part of the theory of — Arode of 
animality ;—the ideas about the mode of action action of 
“which are common to the phenomena of irritability omea 

and sensibility. It is true, these ideas belong also to intellectual 
and moral phenomena ; but we must review them here, to com- 
^ plete our delineation of the chief aspects of the study of animal 
ife. 
: he considerations about such mode of action naturally divide 
themselves into two classes: the one relating to the function of 
either motion 0% sensation, separately; and the other to the associa- 
tion of the two functions. "The first may relate to either the mode 
or the degree of the animal phenomenon. Following this order, 
the first theory that presents itself is that of the m 
iutermiltence of action, and consequently, that ore ae 
habit, which results from it. Bichat was the first who pointed out 
the intermittent character of every animal faculty, in contrast with 
the continuousness of vegetative phenomena. , The double move- 
ment of absorption and exhalation which constitutes life could not 
be suspended for a moment without determining the tendency to 
disorganization * whereas, every act of irritability or sensibilily is 
necessarily jntermitient, as no contraction or sensation can be con- 
ceived of as indefinitely prolonged 3, 80 that continuity would imply 
as great a contradiction in animal life as interruption m the organic. 
‘All thé progress made, during the present century, in physiological 
anatomy, has contributed to the perfecting of this theory of inter- 
mittence. Rationally understood, it applies immediately to a very 
extensive and important class of animal phenomena; that is, to 
those which belong to the different degrees of sleep. The state of 
sleep thus consists of the simultaneous suspension, 
for a certain time, of the principal actions of irrita- . 
pility and sensibility. It is as complete as the organization of the 
superior animals admits when if suspends all motions and sensations 
but such as are indispensable to the organic life,—their activity 
being also remarkably diminished. The phenonfenon admits of 
great variety of degrees, from simple somnolence to the torpor of 
hibernating animals. But, this theory of sleep, so well instituted 
by Bichat, is still merely initiated, and presents many fundamental 
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difficulties, when we consider the chief modifications of such a state, 
even the organic conditions of which are very imperfectly known, 
except the stagnation of the venous blood in the brain, which 
appears to be generally an indispensable preliminary to all extended 
vand durable lethargy. It is easy to conceive how the prolonged 
activity of the animal functions in a waking state may, by the law 
“of intermittence, occasion a proportional suspension: but it is not 
so easy [o see why the suspension should be total when the activity 
has been only partial. Yet we see how profoufid is the sleep, 
intelectual and muscular, induced'by fatigue of the muscles alone 
in men who, while awake, have given very little exercise to, their 
sensibility, interior, or even exterior. We know still less of incom- 
plete sleep ; especially when only a part of the intellectual or affec-* 
tive organs, or of the locomotive apparatus is torpid; whence arise + 
dreams and various kinds of somnamlfakism. Yet such a state has 
certainly its own g@heral laws, as well as the waking state. Some 
experiments, not duly attended to, perhaps justify the idea that, in 
animals, in which the cerebral life is much less varied, the matre 
of dreams becomes, to a certain point, susceptible of being directed 
at the pleasure of the observer, by the aid of external impressions 
produced, during sleep, upon the senses whose action is involuntary; 
and especially smell. And in the case of Man, there is no thofight- 
ful physician who, in certain diseases, does not take into the account 
the habitual character of the patient's dreams, in order to perfect 
the diagnosis of maladies in which the nervous system is especially 


implicated : and this supposes that the state is subject to determi- et 


nate laws, though they may be unknown. But,"however imperfect 
the theory of sleep may still be, in these essential respects, it is 
fairly constituted upon a positive basis of its own ;*for, looked at 
as a whole, it is explained, according to the scierttific acceptation 
ofthe term, by its radical identity with the phenomena of partial 
repose offered by all the elementary acts of tlie animal fife. . When 
the theory of intermittence is perfected, we shall, I imagine, adopt 
Gall's view of connecting it with the symmetry which charatterizes 
all the organs of animal life, by regarding the two parts of the 
symmetrical apparatus as alternately active and passive, so that; 
their function is never simultaneous: and this, as much in regard 
to%he external senses as the intellectual organs. All this, however, 
deserves a fresh and thorough investigation. ^ ^ 
The theory of Habit is a_sort of necessary appendix to that of 
ou intermittence ; and, like it, due to Bichat. A Gon 
i tinuous phenomenon, would be, in fact, capable of 
persistence, in virtue of the law of inertia; but intermittent pheno- 
mena alone car? give rise to habits, properly so calléd : that is, caa 
tend to reproduce themselves spontaneously, through the EGS 
ae Preliminary repetition, sufficiently prolonged at suitable inter- 
- The importance of this animal property is now universally 
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acknowledged among able inquirers, who see in it one of the chief 
bases of the gradual perfectibility of animals, and especially of Men. 
Through this it is that vital phenomena may, in some sort, partici- 


pate in the admirable regularity of those of the inorganic world, by 


becoming, like them, periodical, notwithstanding their greater cém- 
plexity., Thence also results the transformation,—optional up to a: 
certain point of inveteracy of habit, and inevitable beyond, that 
point,—of voluntary acts into involuntary tendencies. But the 
study of habit is?no further advanced than that of intermittence, in 
regard to its analysis: for we have paid more attention liitherto to 
the influence of habits once contracted than to their origin, with 
regard to which scarcely any scientific doctrine exists. What is 
known lies in the department of natural history, and not in that of 
biology. Perhaps it may be found, in the course of scientific study, 
that we have been too hasty’ in calling this an, animal property, 
*though the arimal structure may be more susceptible of it. In 
fact, there is no doubt that inorganic apparatus admits of a more 
easy feproduclion of the same acts after a sufficient regular and 
prolonged reiteration, as I had occasion to observe in regard to the 
phenomenon of sound: and this is essentially the character of animal 
habit. According to this view, which I commend to the attention 


`of biologists, and which, if true, would constitute the most general 


point of view on this subject, the law of habit may be scientifically 


` attached to the law of inertia, as geometers understand it in the 


positive theory of motion and equilibrium. 
In examining the phenomena common to irritability and sensi- 


bility under the aspect of their activity, physiologists have to 


examine the two extreme terms,—exaggerated action, and insuffi- ` 


cient action, in*order to determine the intermediate normal degree : 
for the study of iitermediate cases can never be sucsessfully under- 
taken till the extreme,cases which comprehend them have been 
first Simin, M ^ 
‘Nhe need of exercising the faculties is certainly the most general 
and important of all those*that belong to the animal Need of 
life: we may even say that it comprehends them all, activity. 
if we exclude what relates merely to the organic life. The existence 
of an animal organ is enough to awaken the need immediatelx. 
We shall see, in the next volume, that this consideration is one of 
the chief bases that social physics derives from individual physiology. 
Unhappily this study is still very impexfect with regard. to most of 
the animal furfetions, and to all the three degrees of their activity. 
To it we mus? refer the analysis of all the varied phenomena of 
pleasure and pain, physical and moral. The case of defect has been 
even less studied than that of excess; and yet: itsscientifc examina- 
tion is certainly not less important, on “account of the theory of 
mui, the consideration of which is so prominent in social physics, 
—not only in connection with an advanced state of civilization, but 
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even in the roughest periods, in which, as we shall see hereafter, 
enui is one of the chief moving springs of social evolution. As 3 
for the intermediate degree, which characterizes health, welfare, i 
, andefindlly happiness, it cannot be well treated till the extremes are 
befter understood. ‘The only positive principle yet established in 
o this part of physiology is that which prescribes that we should not 
contemplate this normal degree in an absolute manner, but in sub- 
orditation to the intrinsic energy of the corresponding faculties; as 
poplar good «sense has already admitted, however difficult it may 
be practically.to conform to the precept in social matters, from the 
unreflecting tendency of every man to erect himself into a necessary 
type of the whole species. j ai, 
We have now only to notice, further, the third order of considera- 
tions ; the study of the association of,the animal functions. - mI 
This great subject should be divided into two parts, relating to — . | 
Association of the sympathies, to which Bichat has sufficiently drawn 
theanimal the attention of physiologists, and the synergies, as 
pamere Barthez has called them, which are at present too 
much neglected. The difference between these two sorts of vital 
association corresponds to that between the normal and the patho- 
logical states: for there is synergy whenever two organs concur < 
simultaneously in the regular accomplishment of any function ; 
whereas sympathy supposes a certain perturbation, momentary or e 
permanent, partial or general, which has to be stopped by the É 
intervention of an organ not primarily affected. These two modes of , 
physiological association are proper to the animal life, any appear- 
ance to the contrary being due to the influence "of animal over 
organic action. The study is fairly established on a rational basis ; 
the physiologists of our time sceming to be all agreed as to the 
nervous systenr being the necessary agent ofs all sympathy; and e 
this is enough for the foundation of a positixe theory.e Beyond this, ` 
we have only disjointed though numerous facts. The study of the 
synergies, though more*simple and better circumscribed, floes not 
present, as yet, a more satisfactory scientific character, either as to 
the mutual association of the different motions, or as to the differ- 
ent modes of sensibility ; or as to the more general and complex 
assoviation between the phenomena of sensibility and those of irri- 
tability. And yet this great subject leads directly to the most 
important theory that physiology can finally present,—that of the 
fundamental unity of the animal organism, as a necessary result of i 
a harmony between its various chief functions. Here alone it is 
that, taking each elementary faculty in its normal state, we can find 
the sound theory of the Zo, so absurdly perverted at present by 
the vain dreams of the mgtaphysicians: for the general sense of the | 
lis certainly determined by the equilibrium of the faculties, the | 


disturbance of which impairs that consciousness so profoundly in 
many diseases, j 
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6 
INTELLECTUAL AND MORAL, OR CEREBRAL FUNCTIONS. 
„Tug remaining portion of biological philosophy is that which re- 
lates to the study of the affective and intellectual faculties, which 
leads us over from individual physiology to Social Physics, as vege- 
tative physiology does from the inorganic to the organic philosophy. 
“While Descartes was rendering to the world the glorious service 
of instituting a complete system of positive philo- shortcoming 
sophy, the reformer, with all his bold energy, was of Descartes. 
unable to raise himself so far above his age as to give its complete 
logical extensior? to his own theory by comprehending in it the part 
of physiology that relates to intellectual and moral phenomena. 
After having instituted a vast mechanical hypothesis upon the 
fundamental theory of the niost simple and universal phenomena, 
he extended in succession the same philosophical spirit to the 
different elementary notions relating to the inorganic world; and 
finally subordinates to it the study of the chief physical functions 
of the animal” organism. But, when he arrived at the functions of 
the affections and the intellect, he stopped abruptly, and expressly 
constituted from them a special study, as an. appurtenauce of, the 
metaphysico-theological philosophy, to which he thus endeavoured 
to give a kind of ney life, after having wrought far more success- 
fully in sapping its séientific foundations. We have an unquestion- 
able evidence of the state of his mind in his celebrated paradox 
about the intelligence and instincts of animals. He called brutes 
automata, rather than allow the application of the old philosophy 
io them. Being unable to pursue this method with Man, he 
delivered him over expressly to the domain of metaphysies qnd 
theology. It is, difficult to see how he could have done otherwise, 
in the then existing state of knowledge : and we owe to his strange 
hypothesis, which the physiologists went to work to confute, the 
cleaving awgy of the partition which he set up between the study 
of animalsand that of Man, ang consequently, the entire elimination 
among the higher order of investigators, of theological and meta- 
physical philosophy. - What the first contradictory constitution of 
the modern philosophy was, we may see in the great History tilt 
work of Malebranche, who was the chief interpreter Gall’s time. 


of Descartes, and who shows how his philosophy continued 40 apply 
. 
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to the most complex parts of the intellectual system the same 
methods which had been shown to be necessarily futile with regard 
to the simplest subjects. It is necessary to indicate this state of 
things because it has remained essentially unaltered during the last 


“twoegenturies, notwithstanding the vast progress of positive science, 


Which has all the while been gradually preparing for its inevitable 
transformation. The school of Boerhaave left Descartes's division 
of subjects as they found it: and if they, the successors of Descartes 
in physiology, gbandoned this depaytment of it to the metaphysical 
method, it can be no wonder that intellectual and moral phenomena 
remained, till this century, entirely excluded from the great scien- 
tific movement originated and guided by the impulse of Descartes, 
The growing action of the positive spirit has been, during the 
whole succeeding interval, merely critical,—attacking the inefficacy 
of metaphysical studies,—exhibiting the’ perpetual reconciliation of 
the naturalists on points of genuine doctrine in contiast to the in- 
cessant disputes of various metaphysicians, arguing still, as from 
Plato downwards, about the very elements of their preténded 
science : this criticism itself relating only to results, and still offer- 
ing no objection to the supremacy of metaphysical philosophy, in 
the study of Man, in his intellectual and moral aspects, It was 
not till our own time that modern science, with the iflustrious 
Gall for its organ, drove the old philésophy from this last portion 
.of its domain, and passed on in the inevitable course from the 
critical to the organic state, striving in its turn to treat in its own 


o 


. Way the general theory of the highest vital fupctions. However 


imperfect the first attempts, the thing is done. Subjected for half 
a century to the most decisive tests, this new doctrine has clearly 
manifested all the indications which can guarantee the indestruct- 
ible vitality of scientific conceptions, Neither ennfity nor irrational 
advocacy has hindered the continuous spread, in all parts of the 
Scientific world, of the new system of investigation of intellectual 
and moral man. All the signs of the progressive success of a 
happy philosophical revolution are presentin this case. à 
The positive theory of the affective and intellectual functions is 
Positive therefore settled, irreversibly, to be this :—it consists 
theory of in the experimental and rational study of the pheno- 
S de D mena of interior sgnsibility proper to the cerebral 
í „ganglions, apart from all immediate external appar- 
atus. These phenomena aredhe most complex and the most special 
of all belonging to physiology ; and therefore they live naturally 
been the last to attain toa positive analysis ; to say nothing of their 
relation to social considerations, which must be an impediment in 
the way of their study. This study could not, precede the principal 
Tis proper scientific conceptions of the preanic life, or the first 


Place. notions of the animal life; so that Gall must follow 


k Bichats and our surprise would be that he followed him so soon, 
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if the maturity of his task did not explain it sufficiently. The 
grounds of my provisional separation of this part of physiolesy 
from the province of animal life generally are—the eminent differ- 
ences between this order of phenomena and those that have gone 
before, —their more direct and striking importance, —aud, above 
all, the greater imperfection of our present study of them. This, 
new body of doctrine, thus erected into a third section of physiology, 
will assume its true place within the boundaries of the second when 
we oblain a distincter knowledge of organic, and a more philo- 
sophical conception of animal physiology. We must bear in thind 
what ihe proper arrangement should be,—this third department 
differing much less from the second than the second differs from 


. the first. 9 


We need not stop to draw out any parallel or contrast between 
phrenology and psychology: Gall has fully and pices of Psy- 
clearly exposéd the powerlessness of metaphysical  choloyicat 
methods for the study of intellectual and moral "se" 
phén$mena : and in the present state of the human mind, all 
discussion on this subject is superfluous. The great philosophical 
cause is tried and judged ; and the metaphysicians have passed from 
a state of domination to one of protestation,—in the learned world 
at least, where their opposition would obtain no attention but for 
the inconvenience of their still impeding the progress of popular 
reason. ‘he triumph of the positive method is so decided that it 
is needless to devote time and effort to any demonstration, except 
in the way of instryction : but, in order to characterize, by a strik- 
ing contrast, (lte true general spirit of phrenological physiology, it 
may be useful here to analyse very briefly the radical vices of. the 
pretended psf chological method, considered merely in regard to 
what it has in cómmon in the principal existing schools ;—in those 
called the Brench, tho German, and (the least consistent and also 
the least absurd of tHe three) the Scotch school :—that is, as far 
as we can talk of schools in a philosophy which, by its nature, must 
engender as many incompatible opinions as it has adepts gifted with 
any degree of imagination. We may, moreover, reler confidently 
to these sects for the mutual refutation of their most essential 
points of difference. Je Te T 

As for their fundamental principle of interior observation, it 
would certainly be superfluous to add anything iO —— arethod. 
what I have already said about the absurdity of the Cs et 
supposition of a man seeing himself think. It was MAT 
well remarkél by M. Broussais, on this point, that such a method, 
if possible, would extremely restrict the study of the understanding, 
by necessarily limiting it to the case of adult and healthy Man, 
without any hope of illystrating this difficult doctrine by any com- 
parison of different ages, or consideration of pathological States, 
which yet are unanimously recognized as indispensable auxiliaries 

e. 
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in the simplest researches about Man. But, further, we must be 
algo struck by the absolute interdict which is laid upon all intel- 
lectual and moral study of animals, from whom the psychologists 
can hardly be expecting any interior observation. It seems rather 
` strange that. the philosophers who have so attenuated this immense 
subject should be those who are for ever reproaching thei» adver- 
saries with a want of comprehensiveness and elevation. ‘The case 
of azinmals is the rock on „which all psychological theories have 
split, since thg. naturalists have compelled the metaphysicians to 
part with the singular expedient imagined by Descartes, and to 
admit that animals, in the higher parts of the scale at least, mani- 
fest most of our affective, and even intellectual faculties, with mere 


T B s ^ 
differences of degree; a fact which no one at this day ventures to 


deny, and which is enough of itself to demonstrate the absurdity of 
these idle conceptions. U 


Recurring to the first ideas of philosophical comnfon sense, it is ^ 


at once evident that no function can be studied but with relation 
to the organ that fulfils it, or to the phenomena of its fulfilient : 
and, in the second place, that the affective functions, and yet more 
the intellectual, exhibit in the latter respect this particular charac- 
teristic,—that they cannot be observed during their operation, but 


only in their results——more or less immediate, and more or less - 


durable. There are then only two was of studying such an order 
of functions ; either determining, with all attainable precision, the 
various organic conditions on which they depend,—which is the 
chief object of phrenological physiology; or in, directly observing 
the series of intellectual and moral acts——which belongs rather to 


natural history, properly so called : these two inseparable'aspects of 


one,subject being always so conceived as to throw light on each 
other. Thus regarded, this great study is seen tô be indissolubly 
connected on the one hand with the whole ofthe foregoing parts of 
natural philosophy, and especially with the fündamental doctrines 
of biology ; and, on the ether hand, with the whole of histgry,—of 
animals as well as of man and of humanity, But when, by the 
pretended psychological method, the consideration of both the agent 
and the act is discarded altogether, what material can remain but 
an, unintelligible conflict of words, in which merely nominal entities 
are substituted for real phenomena ? The most difficult study of all 
is thus set up 1n a state of isolation, without any one point of sup- 
port in the most simple and perfect sciences, over which it is vet; 
proposed to give it a majestic sovereignty: and in this all psycholo- 
gists agree, however extreme may be their differences on other 
points. o 

About the method of psychology or ideolegy, enough has been 
said. As to the doctrine, the first glance shows a radical fault in 
it, common to all sects,—a false estimate of tlie general relations 

tween the affective and the intellectual faculties, However vari- 
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ous may be the theories about the preponderance of the latter, all 
metaplhysicians assert that preponderance by mak- Doctrine. © 
ing these faculties their starting-point. The intel- Relation te- 
lect is almost exclusively the subject of their specu- twcep,the 
lations, and the affections have been almost entirely eai 
neglected ; and, moreover, always subordinated to the faculties. 
understanding. Now, such a conception represents precisely ihe 
reverse of the reality, not only for animals, but also for Man: for 
daily experience shows that the affections, the propensities, the 
passions, are the great springs of human life; and that, so far ‘trom 
resulting from intelligence, their spontaneous and independent 
impulse is indispensable to the first awakening and continuous 


“development of the various intellectual faculties, by assigning to 


them a permanent end, without which—to say nothing of the vague- 
ness of their general directid-—they would remain dormant in the 
majority of men. Tt is even but too certain that the least noble 
and most animal propensities are habitually the most energetic, and 
therefore the most influential. The whole of human nature is thus 
very unfaithfully represented by these futile systems, which, if 
noticing the affeetive faculties at all, have vaguely connected them 
with one, single principle, sympathy, and, above all, self-conscious- 
ness, always supposed to be directed by the intellect. ‘Thus it is 
that, contrary to evidence, Man has been represented as essentially 
a reasoning being, continually carrying on, unconsciously, a multi- 
leulations, with scarcely any spontaneity of 
action, from infancy upwards. This false conception has doubtless 
Deen supported*by a consideration worthy of all respect,—that it is 
by the intellect that Man is modified and improved ; but science 
requires, before all things, the reality of any views, independently 
of their desirabléness ; and it is always this reality which is the 
basis of genuine utilit Without denying the secondary influence 
of such a view, we ca show that two purely philosophical causes, 
quite ugconriected with any idea of application, and inherent m the 
nature of the method, håve led the metaphysicians of all sects to 
this hypothesis of the supremacy of the intellect. ‘Che first is the 
radical separation which it was thought necessary to make between. 
brutes and man, and which would have been effaced pruses and y 
at once by the admission of the preponderance of the Man. ; 
affective over the intellectual faculties ; and the second was the 
necessity that the metaphysicians found themselves under, of pre- 
serving the unity of what they called the J, that it might corre- 
spond with fie ed of ey ponh ip obedience to the requisitions of 
the theological philosophy, ot w hich metaphysics is, ' 

awe must ever bear in mind, the final ano AS eoru orne T. 
But the positive philosephers, who approach the question with the 
simple aim of ascertaining the true state of things, and reproducing 
it with all possible accuracy in their theories, have perceived that, 
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according to universal experience, human nature is so far from 
being single that it is eminently multiple; that is, usually induced 
in various directions by distinct and independent powers, among 
which equilibrium is established with extreme difficulty when, as 


> usually happens in civilized life, no one of them is, in itself, suffici- 


ently marked to acquire spontaneously any considerable preponder- 


"ance over the rest. Thus, the famous theory of the Z is essentially 


withgut,a scientific object, since it is destined to represent a purely 
fictitious state, There is, in this direction, as I hav@ already pointed 
out,*no other real subject of positive investigation than the study 
of the equilibrium of the various animal functions,—both of jrrita- 
bility and of sensibility,—which marks the normal state, in which 


cach of them, duly moderated, is regularly and permanently? -< 


associated with the whole of the others, according to the laws of 
sympathy, and yet more of synergy. The very abstract and indirect 
notion of the Z proceeds from the continuous seuse of such a^ 
harmony; that is, from the universal accordance of the entire 
organism. Psychologists have attempted in vain to make cut" of 
this idea, or rather sense, an attribute of humanity exclusively. It 
is evidently a necessary result of all animal life ;.and therefore it 
must belong to all animals, whether they are able to discourse upon 
it or not. No doubt a cat, or any other vertebrated animal, With- 
out knowing how to say “ I,” is not insthe habit of taking itself for 
another. Moreover, it is probable that among the superior animals + 
the sense of personality is still more marked thanin Man, on account 


of their more isolated life; though if we, descended too far in the ^ 


zoological scale we should reach organisms in whichethe continuous 
degradation of the nervous system attenuates this compound sense, 
together with the various simple feelings on which ip depends. 

i must not be overlooked that though the psychologists have 
Reason and — agreedinneglecting theintellec{ual and moral faculties 
Instinct. of brutes, which have been Harfil left “to the natu- 

ralists, they have occasioned great mischief by thelr'obscure and 
indefinite distinction between intelligenceand instinct, thus’ setting 
up a division between human and animal natifre which-has had-too 
much effect even upon zoologists to this day. ‘The only meaning 
that can be attributed to the word instinct, is any spontaneous 
inipulse in a determinate direction, independently of ‘any foreign 
influence. In this primitive sense, the term evidently applies to 
the proper and direct activity of any faculty whatever, intellectual 
as well as affective; and it therefore does not conflict with the termi 
intelligence in any Way, as we so often see when we speak of those 
who, without any education, manifest a^ marked talent for music, 
painting, mathematics, etc. In this way ,theré is instinct, or 
rather, there are instincts iù Man, as much pr more than in brutes. 
Tf, on the other hand, we describe intelligence as the aptitude to ,. 
Modify conduct in conformity to the circumstances of each case,— 
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which, in fact, is the main practical attribute of reason, in its 
proper sense,—it is more evident than before that there is no other 
essential difference between humanity and animality than that of 
the degree of development admitted by a faculty which 18, by -its 
nature, common to all animal life, and without which it couldenot 
even beeconceived to exist. Thus the famous scholastic definition o 
of Man as a reasonable animal offers a real no-meaning, singe no 
animal, especially in the higher parts gf the zoological scale, could 
live without being to a certain, extent reasonable, cin proportion 
to the complexity of its organism. Though the moral nature of 
animals has been but little and very imperfectly explored, we can 
yet perceive, without possibility of mistake, among those that live 
With us and that are familiar with us,—judging of them by the 
same means of observation that we should employ about men whose 
language and ways were préviously unknown to ais,—that they not 
only apply their intelligence to ihe satisfaction of their organic 
wants, much as men do, aiding themselves also with some sort of 
language ; but that they are, in like manner, susceptible of a kind 
of wants more disinterested, inasmuch as they consist in a need to 
exercise their faculties for the mere pleasure of the exercise. It is 
the same thing that leads children or savages to invent, new sports, 
and that renders them, at the same time, liable to ennui. That 
state, erroneously set up as a Special privilege of human nature, is 
sometimes sufficiently marked, in the case of certain animals, to 
urge them io suicide, when captivity has become intolerable. An 
attentive examinatign of the facts therefore discredits the perversion 
of the word instinct when it is used to signify the fatality under 
which animals are impelled to the mechanical performance of acts 
uniformly determinate, without any possible modification from cor- 
responding circumstances, and neither requiring nor allowing any 
education, properly so galled. This gratuitous supposition is evi- 
dently a remnant of thé automatic hypothesis of Descartes. Leroy 
has demonstrated that among mamnnifers aad birds this ideal fixity 
in the construction of habitations, in the seeking of food by hunting, 
in the mode of migration, etc. exists only in the eyes of closet- 
naturalists or inattentive observers. 

After thus much notice of the radical vice of all psychological 
systems, it would be departing from the object of this work to show 
how the intellectual faculties themselves have been misconceived. 
It is enough to refer to the refutation by; which Gall and Spurzheim 
have introduced their labours: and I would particularly point out | 
the philosophical demonstration by which they have exhibited the 
conclusion that sensation, memory, imagination, and even judgment, 
—all the scholastic faculties, 10 short,—are not, in fact, fundamental 
and abstract faculties, but only different degrees or consecutive 

odes of the same phenomenon, proper to each of the true elementary 

shrenological functions, and necessarily variable in different eases, 
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with a proportionate activity. One virtue of this admirable analysis 
is;that it deprives the various metaphysical theories of their one 
remaining credit,—their mutual criticism, which is here effected, 
oneg fov all, with more efficacy than by any one of the mutually 
opposing schools. 3 " 

Again, it would be departing from the object of this portion of 
our work to judge of the doctrines of the schools by their results. 
What these have been we shall see in the next volume; the deplor- 
able influence, on the political and social condition 0f two generations 
of the doctrines of the French school, as presented by Helvetius, and 
of the German psychology, with the ungovernable Z for its subject ; 
and the impotence of the Scotch school, through the vagueness of 
what it called its doctrines, and their wante of mutual connectior’ 
Dismissing all these for the present, we must examine the great, 
attempt of Gall, in order to sce whit ‘is wanting in phrenological 
philosophy to form it into the scientific constitution which is proper" 
to it, and from which it is necessarily still more remote than 
organic, and even animal physiology. j am elim 

Two philosophical principles, now admitted to be indisputable, 

Basis of Gaits Serve as the immovable basis of Gall's doctrine as a 

doctrine. whole: viz., the innateness of the fundamental disposi- 
tions, affective and intellectual, and the plurality of the distinct and 
independent faculties, though real atts usually require their more 
or less complex concurrence. Within the limits of the human race, 
all cases of marked talents or character prove the first; and the 
second is proved by the diversity of suchmarked cases, and by most 
pathological states,—especially by those in which the nervous system 
is directly affected. A comparative observation of the higher 
anjmals would dispel all doubt, if any existed in eitlter case, ‘These 
two principles;—aspects of a single fundamenta? conception,—are 
but the scientific expression of the results o. experience, in all times 
and places, as to the intellectual and mor&l nature of Man,—an 
indispensable symptom, of truth, with regard to all*parent ideas, 
which must always be connected with tlte spontaneous indications 
of popular reason, as we have seen in preceding cases in natural 
philosophy. Thus, besides all guidance from analogy, after the 
study of the animal life, we derive confirmation from all the methods 
of investigation that. physiology admits; from direct observation, 
experiment, pathological analysis, the comparátive method and 
nopular good sense,—all of, which converge towards the establish- 
ment of this double principle. Such a collection of proofs secutes 
the stability of this much of phreyological doctrine, Whatever trans- 
formations other parts may have to untergo. In the anatomical 
view, this physiological conception corresponds with the divisior of 
the brain into a certain niimber of partial organs, symmetrical like 
those of the animal life, and, though more contiguous and mutually, 


resembling than in any other system, and therefore more adapted 
LI 
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both for sympathy and synergy, still distinct and mutually inde- 
pendent, as we were already aware was the case with the ganglióüs — , 
appropriate to the external senses. In brief, the brain is no longer 

an organ, but an apparatus of organs, more complex in proportion .~’ 
to the degree of animality. "The proper object of phrenological 
physiology thence consists in determining the cerebral organ appro- o 
priate to each clearly marked, simple disposition, affective or intel- 
lectual; or, reciprocally, which is more difficult, what funttién is 
fulfilled by any portion of the mass of the brain which exhibits 
the anatomical conditions of a distinct organ. "The two processes 
are dixected to develop the agreement between physiological and 
anatomical analysis which constitutes the true science of living 
beings. "Unfortunately; our means are yet further from answering 
our aims than in the two preceding divisions of the science. 

The scientific principle involved in the phrenological view is that 
“he functions, “affective and intellectual, are more Divisions of 
elavgted, more human, if you will, and at the same te brain. 
time Fess energetic, in proportion to the exclusiveness with which 
they belong to the higher part of the zoological series, their positions 
being in pertions of the brain more and more restricted in extent, 
and further removed from its immediate origin,—according to the 
anatomical decision that the skull is simply a prolongation of the 
vertebral column, which is the primitive centre of the entire nervous 
system. ‘Thus, the least developed aud anterior part of the brain 
is appropriated to the characteristic faculties of humanity ; and the 

^ most voluminous and hindmost part to those which coustitute the 
basis of the whole of the animal kingdom. Here we have a new 
and confirmatory instance of the rule which we have had to follow 
in every science ;, that it is necessary to proceed from the most 
eeneral to the more special attributes, in the ‘order of their dimin- 
ishing generality. Weyshall meet with it again in the one science 
which remains for us tô review ; and its constant presence, through 
the wholg range, points it out as the first law of the dogmatic pro- 
cedure of the positive spirit. 4 ^ ; 

‘A full contemplation of Gall's doctrine convinces us of its faith- 
ful representation of the intellectual and moral nature of Man and 
animals, All the psychological sects have misconceived or ignored 
the pre-eminence of the. affective ficulties, plainly manifest as it is 
in all the moral phenomena of brutes, and even of Man; but we 
find this fact placed on a scientific basio by the discovery that the 
affective organs occupy all the hinder and middle portion of the 
cerebral apparatus, while’ fhe intellectual occupy only the front 

ortion, which, in extreme cases, 18 not more than a fourth, or even 

a sixth part of the whole. The difference between Gill and his 

redecessors was not in the separation of the two kinds of faculties 

but that they assigned the brain to the intellectual faculties alone, 

regarding it as a single organ, and distributing the passions afnong 
T3 
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the organs pertaining to the vegetative life—the heart, the liver, 
ete. Bichat supported this view by the argument of the sympathies 
of these organs, under the excitement of the respective passions ; 
but^the variableness of the seat of sympathy, according to native 
susceptibility or to accident, is a sufficient answer to such a plea, 
and teaches us simply the importance of considering the mfluence 
exeraised by the state of the brain upon the nerves which supply the 
appératus of the organic life. : 
Next come» the subdivision established by Gall and Spurzheim 
` in each of these two orders. The affective faculties 
are divided into the propensities, and the affections 
or sentiments: the first residing in the hindmost and lowest part 
of the brain; and the other class in the middle portion. The in- 
tellectual faculties are divided into the various perceptive faculties, 
which together censtitute the range of observation : and the small 
number of reflective faculties, the highest of all, constituting the^ 
power of combination, by comparison and co-ordination, The upper 
part of the frontal region is the seat of these lastswhich ate the 
chief characteristic attribute of human nature. There is a certain 
deficiency of precision in this description ; butt besides that we 
may expect improving knowledge to clear it up, we shall fipd, on 
close examination, that the inconvenience lies more in the language 
than in the ideas, The only language we have is derived from a 
philosophical period when all moral and even intellectual ideas 
were shrouded in a mysterious metaphysical unity, which allows us 
now no adequate choice of terms. d o 
Taking the ordinary terms in their literal sense, we should mis- 
conceive the fundamental distinction between the intellectual 
faculties and the others. When the former are very marked, they 
unquestionably sproduce real inclinations or pxopénsities, which are 
distinguished from the inferior passions onlytby their smaller energy. 
Nor can we deny that their action occastons trpe emotions or 
sentiments, more rare, ‘more pure, more sublime than apy other, 
and, though less vivid than others, capable gf moving to tears; as 
is testified by so many instances of the rapture excited by the dis- 
covery of truth, in the most eminent thinkers that have done honour 
t» their race—as Archimedes, Descartes, Képler, Newton, etc. 
Would any thoughtful student take occasion, by such approxima- 
tions, to deny all real distinction between the intellectual and 
affective faculties? The wiser conclusion to be drawn from, the 
case is that we must reform our. philosophical language, to raise if, 
by rigorous precision, to the dignity of scientific . finguage. We 
may say as much about the subdivision of the affective faculties 
into properfsities and senfiments, the distinction being, though Tess 
mcd by no means less real. Apart from all useless discussion 
cu e, we may p that the real difference has not beens 
Uy seized. In a scientific view, it would suffice to say that the 
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first and fundamental class relates to the individual alone, or, at 
most, to the family, regarded successively in ils principal needs;of 
wreservation,—such as reproduction, the rearing of young, the mode 
of alimentation, of habitation, etc. Whereas, the second more 


special class supposes the existence of some social relations, either ~ 


among sindividuals of a different species, or especially between o 
individuals of the same species, apart from sex, and determines the | 
character which the tendencies of the animal must impress on 
each of these relations, whether transient or permgnent. If we 
keep this distinctive character of the two classes in view, it ‘will 
matter, little what terms we use to indicate them, when once they 
shall have acquired a sufficient fixedness, through rational use. 
hese are the great philosophical results of Gall’s doctrine, 
regarded, as I have now presented it, apart from all vain attempts 
{o localize in a special manner the cerebral or phrenological func- 
"tions. I shall have to show how such au attempt was imposed 


upon Gall by the necessities of. his glorious mission : but, notwith- 
standing this unfortunate necessity, the doctrine embodies already 


a real knowledge of human and brute nature very far superior to 

all that, had ever deen offered before. ‘ 

Among the. innumerable objections which have been aimed at 
this fine doctrine, — considered always as a whole, — objections. 

ihe only one which merits discussion here is the Necessity of 

supposed necessity of human actions. This objection mer actions. 
is not only of high importance 1n itself, but it casts new light back 
upon the spirit of the theory ; and we must briefly examine it from 
the point of viet of positive philosophy. , P 

When objectors confound the subjection of events to invariable 
Jaws with their necessary l i ' 

“ sieht of the fact fhat phenomena become susceptible of modification 
in proportiongto their cemplexity. The only irresistible action that 
we know of is that of Weight, which takes place under 
the most genéral and simple of all natural laws. But, 

` the phenomena of life, and acts of the mind are so highly complex 
as to admit of modification beyond all estimate ; and, in the inter- 
mediate regions, phenomena are under control precisely in the order 
of their complexity: Gall and Spurzheim have shown how human 
action depends on, the combined operation of several faculties ; how 
exercise develops them; how inactivity wastes them ; and how the 


intellectual faculties, adapted to modify the general conduct of the 
animal according to the variable exigencies of his situation, may 


T 'aclical influence of all his other faculties. Tt is onl 
in on UREE interferes with the natural action of the 
faéulties, that fatality,-or what is popularly called itresponsibility, 
exists. Itis therefore acgreat mistake to accuse cerebral physiology 
of disowning the influence of education or legislation, because if 
“fixes the limits of their power. It denies the possibility, asserted 
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by the ideology of the French school, of converting by suitable 
argangements, all men into so many Socrates, Homers, or Archi- 
medes ; and it denies the ungovernable energy of the J, asserted by 
the German school; but it does not therefore affect Man's reason- 
^ ablo liberty, or interfere with his improvement by the aid of a wise 
education. It is evident indeed that improvement by education 
supposes the existence of requisite predispositions: and that each 
of tkem is subject to determinate laws, without which they could 
not be systematically influenced ; so that it is, after all, cerebral 
physiology that is in possession of the philosophical problem of 
education. Furthermore, this physiology shows us that men are 
commonly of an average constitution ; that is, that, apart from a 
very few exceptional organizations, every one possesses in a moderaté 
degree all the propensities, all the sentiments, and all the elementary 
aptitudes, without any one faculty being remarkably preponderant. 
The widest field is thus open for education, in modifying in almost* 
any direction organisms so flexible, though the degree of their 
development, may remain of that average amount, which céngists 
very well with social harmony; as we shall have occasion to see 
hereafter. " if 
A much more serious objection to Gall's doctrine arises out of 
"Hypothatical the venturesome and largely erroneous localization 
distribution of the faculties which he thought proper to propose. 
of faculties. TE we look at his position, we shall see that he merely 
used the right, common to all natural philosophers, of instituting a 
scientific hypothesis, in accordance with the theory on that subject 
which we examined in connection with Physics. He fulfilled the 
conditions of this theory; his subject being, not any imaginary 
fluids, ethers or the like, but tangible organs, whote hypothetical 


attributes admit of positive verifications. Moreover, none of those ` 


who have criticized his localization could have propgsed any less 
imperfect, or, probably, so well indicated. he advice of prudent 
mediocrity, to abstain from hypothesis, is very easy ‘to offer; but 
if the advice was followed, nothing would ever be done inthe way 
of scientific discovery. It is doubtless inconvenient to have to 
withdraw or remake, at a subsequent period, the hypotheses to 
which a science owes its existence, and which, by that time, have 
been adopted by inferior inquirers, with a blinder and stronger faith 
than that of the original proposers: but there is fio use in dwelling 
upon a liability which arises from the infirmity of our intellicence, 
The practical point for the future is that strong minds, prepared by 
a suitable scientific education, should plant themseltes on the two 
great principles which have been Jaid Gown as the foundation of 
the science,safid thence explore the principal needs of cerebral 
physiology, and the character of the mears by which it may be 
carried forwards. Nor need there be any fear that the science, 
will be held back by such a method. Nothing prevents us, when 
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reasoning, as geometers do, upon indeterminate seals, or positions 
supposed to be indeterminate, from arriving at real conclusions, 
involving actual utility, as 1 hope to show, from my own experience, 
in the next volume; though it is evident that it will besa great 
advantage to the exactness and efficacy of our conclusions, when- 
ever thg time arrives for the positive determination of the cerebral 
organs. Meantime it is clear that we owe to Gall's hypothetical” 
localization our view of the necessity of such a course; ang frat if 
he had confined ‘himself to the high plfilosophical generalities with 
which he has furnished us, hé would never have’ constituted a 
science, nor formed a school; and the truths which we see to be 
inestimable would have been. strangled in their birth by a coalition 
"of hostile influences. a | , A 

We see what is the philosophical character of cerebral physiology. 

We must next inquire wha? are the indispensable Needed im- 
improvements that it demands. — provements. 

. First, we want à fundamental rectification of all the organs and 
faculties, as’ n, necessary basis for all further progress. Taking an 
anatomical view of this matter, we see that the distribution of 
organs has been,directed by physiological analyses alone,—usually 
imperfect and superficial enough,—instead of being Anatomical 
subjected to anatomical determinations. This has besis- 

entitled all anatomists to treat such a distribution as arbitrary and 
loose, because, being subject to no anatomical consideration about 
the difference between an organ and a part of an organ, it admits of 
indefinite subdivisions, which each phrenologist seems to be able 
to multiply ab wifl. "Though the analysis of functions no doubt 
casts much light on that of organs, the original decomposition of 
the whole organism into systems of organs, and those again into 
single organs, is not the less independent of physiological analysis, 
to which, on the contrary, it must furnish a basis. This is estab- 
lished in regard to alyother biological studies B and there is no reason 
SOR cerebral inquiries should be au exception. We do noi need 
to see the digestive, or the respiratory apparatus in action, before 
anatomy can distingüish them from each other : and why should it 
be otherwise with the cerebral apparatus? The anatomical diffi- 
culties are no doubt much greater, on account of the resemblance 
and proximity of the orgaus in the serebral case: but we must nof 
wive up this indispensable analy sis for such a reason as that. Ifit 
Were 80, We must despair of conferring a special scientific character 
on phrenological doctrine at all; and we must abide by those 
 ceneralities Alone which I have just laid down. When we propose 
1o develop the harmony ?between the anatomical and the physio- 
logical analysis ‘of any case, it is supposed thateeach has been 
separately established, and not that the^one can be copied from the 
other. Nothing therefore conualeolye the phrenologists from the 
obligation to pursue the analysis of the cerebral system by a 
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series of vigorous anatomical labours, discarding for the time all 
ideas of function, or, at most, employing them only as anxiliary to 
anatomical exploration. Such a consideration will be most ear- 
nestly supported by those phrenologists who perceive that, in 


^ determining the relative preponderance of each cerebral organ in 


different subjects, it is not only the bulk and weight of the organ 
“that has to be taken into the account, but also its degree of activity, 
anatgmigally estimated by, for instance, the energy of its partial 
circulation. 2 3, 
Next, following a distinct but párallel order of ideas, there must 
Physiologica} be a purely physiological analysis of the various 
analysis of elementary faculties ; and in this analysis, which has to 
faculties. be harmonized with the other,,every anatomical idea' 
must be, in its turn discarded. The position of phrenology is 
scarcely more satisfactory in this view*tl~n any other, for the dis- 


tinction between thé different faculties, intellectual and'even affective, « 


and their enumeration are conceived of in a very superficial way 
though incomparably more in the positive spirit than any méta- 
physical analyses. If metaphysicians have confounded all their 
psychological notions in an absurd unity, it is probable that the 
. phrenologists have gone to the other extreme in multiplying ele- 
mentary functions. Gall set up twenty-seven ; which "was, no 
doubt, an exaggeration to begin with. Spurzheim raised the 
number to thirty-five ; and it is liable to daily increase for want of 
a rational principle of circumscription for the regulation of the easy 


enthusiasm of popular explorers. Unless a sound philosophy inter- ' .- 


poses, to establish some order, we may have as mary faculties and 
organs as the psychologists of old made entities. However great 
may, be the diversity of animal natures, or even of haman types it 
is yet to be conceived (as real acts usually suppose the concurrence 
of several fundamental faculties) that, even a greater multiplicity 
might, be represented by a very small numbet of elementary func- 
lions of the two orders. , If, for instance, the whole number were 
reduced to twelve or fifteen well-marked facalties, their combifations, 
binary, ternary, quaternary, etc., would doubtless correspond to 
many more types than can exist, even if we restricted ourselves to 
distinguishing, in relation to the normal degree of activity of each 
function, two other degrees,—one higher and the other lower, But 
the exorbitant multiplication of faculties is not in itself so shocking 
as the levity of most of the pretended analyses which have regulated 
their distribution. In the intellectual order, especiaily the ^ ti- 
tudes have been usually ill-descrihed, apart from tife dab 
when a mathematical aptitude is assigneá on grounds which would 
Justify our assigning a chemical aptitude, oran anatomical aptitude 
if the whole bony casket had not been previpusly parcelled. P into 
uremovable compartments. If a man could do sums according to 
rules quickly and easily, he had the mathematical aptitude, accord- 
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ing to those who do not suspect that mathematical speculations 
require any superiority of intellect. ‘Though the analysis of she 
affective faculties, which are so much better marked, is less imper- 


fect, there are several instances of needless multiplication inethat ° - 


department. o 


To rectify or improve this analysis of the cerebral faculties, ito 
would be useful to add to the observation of Manand — pyamineti 
a " . : Teaminetion 
society a physiological estimate of the,most marked  ofAiforeal 
individual cases,—especialy in past times. The, 999. | 

intellectual order, which most needs revision, is that which best 
admit,of this procedure. If, for instance, it had been applied to 
the cases of the chief geometers, the absurd mistake that I have 
‘just pointed out couldsnot have been committed ; for it would have 
been seen what compass and variety of faculties are required to 
constitute mathematical genius, and how various are the forms in 
* which that gehius manifests itself. One great geometer has shone 
by, the saggcity of his inventions ; another by the strength and 
exter% of hisacombinations ; a third by the happy choice of his 
notations, and the perfection of his algebraic style, ete. We might 
«fiscover, or at east verify, all the real fundamental intellectual 
faculties by the scientific class alone. Inan inferior degree it would 
be the same with an analogous study of the most eminent artists. 
"his consideration, in. its utmost extent, is connected with the 
utility of the philosophical study of the sciences, under the histori- 
cal as well as the dogmatical point of view, for the discovery of the 
logical laws concerged: the difference being that in this last case, 
we have first fo determine the elementary faculties, and not the 
laws of their action: but the grounds must be essentially ana- 

è 


ER nological ‘analysis has, then, to be reconstituted ; first in the 
anatomical, and then tn the physiological order ; and finally, the 
two must be harmo ized; and not till then can phrenological 
physiology pe established upon its true scientific basis. Such a 
procedure js fairly begun, as we have seen, with regard to the two = 
preceding divisions of our science ; but it is not yet even conceived 
of in relation to cerebral physiology, from its greater complexity 
and more recent positivity. S 
The phrenologists must make-a much more éxtensive use than 
hitherto of the means furnished by biological philos-  patnotogicat 
ophy. for the advancement of all studies relating to and Compara; 
living bodies ; that is, of pathological, and yet more te analysis, 
of comparative analysis. „The luminous maxim of M. Broussais, 
which lies at the foundation of medical philosophy,—that the 
phenomena of the pathological state are a simple prclongation of 
the phenomena of the ‘normal state, beyond the ordinary limits of 
has never been duly applied to intellectual and mora] 
yet it is impossible to understand anything of the 
o 


- variation;— 
phenomena: 
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different, kinds of madness, if they are not examined on this prin- 
cie. Here, as in a former division of the science, we see that the 
study of malady is the way to understand the healthy state. No- 
`, thing cañ aid us so well in the discovery of the fundamental faculties 
as @ judicious study of the state of madness, when each faculty 
«manifests itself in a degree of exaltation which separates it dis- 
tinctly from others. There has been plentiful study of monomania ; 
but i las been of little use,.for want of a due conyection and com- 
parispn with tbe normal state. The works that have appeared on 
the subject have been more literary than scientific; those who have 
had the best opportunity for observation have been more engaged in 
governing their patients than in analysing their cases; and the, 
successors of Pinel have added nothing essential to the ameliorations 
introduced by him, half a century ago, in regard to the theory and 
treatment of mental alienation. As tor the study of animals, its 
use has been vitiated by the old notions of the difference between ' 
instinct and intelligence. Humanity and animality ought recipro- 
cally to cast light upon each other. If the whole set of faculties 
constitutes the complement of animal life, it must surely be that 
all that are fundamental must be common to all the superior 
animals, in some degree or other: and differences of intensity are 
enough to account for the existing diversities—the association of 
the faculties being taken into the account on the one hand, and on 
the other the improvement of Man in society being set aside. It 
there are any faculties which belong to Man exclusively, it can only 
be such as correspond to the highest intellectual aptitudes: and 
this much may appear doubtful if we compare, in 4n unprejudiced 
way, the actions of the highest mammifers with those of the least 
developed savages. It seems to me more rational tò suppose that 
power of observation and even of combination, e$ists in animals, 
though in an immeasurably inferior degree ;^-the wanj of exercise, 
resulting chiefly from their state of isolatioh, tending to benumb 
and even starve, the organs. Much might be leatned -from_a 
study of domestic animals, though they are far from béing the 
most intelligent. Much might be learned by comparing their 
moral nature now with what it was at periods nearer to their 
fist domestication ; for it would be strange if thé changes that they 
have undergone ih so many physigal respects, had been unaccom- 
panied by variations in the functions which ‘more easily than any 
others admit of modifications The extreme imperfection of phyeno- 
logical science is manifest in the pride with which Man, from the 
height of his supremacy, judges of animals as a despot judges of his 
subjects ; that is, in the mass, without "perceiving any inequality 
in them worth” noticing. It is not „the less certain that, surveyitie 
the whole animal hierarchy, the principal Orders of this hierarchy 


Sometimes differ more from each other, in intellectual and moral, 


respects, than the highest of them vary from the human type. The 
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rational study of the mind and the ways of animals has still to be 
instituted,—nothing having yet been done but in the way of pre- 
paration. It promises an ample harvest of important discovery 
directly applicable to the advancement of the study of Man, if puly 
“the naturalists will disregard the declamation of theologians and’ 
inetaphysicians about their pretended degradation of human nature, 
while they are, on the contrary, rectifying the fundamental notion 
of if by establishing, rigorously and fiyally, the profound deffaxences 
which positively separate us from the animals nearest to us in the 
scale. ] t a ux TU 
The two laws of action,—intermission and association,—require 
muck more attention than they have yet received in 
* connection with cerebral physiology. The law of '' f 
intermittence is eminently applicable to the functions of the brain, 
—the symmetry of the organs being borne in mind. But this 
reat subject requires a new examination, seemg that it is requisite 
for science, to reconcile their evident intermittence 
wf the perfact, continuity that seems to be involved 
in the connection which mutually unites all our A 
intellectual operations, from earliest infancy to extreme decrepitude, 
and which cannot be interrupted by the deepest cerebral perturba- 
tions, provided they are transient. This question, for which meta- 
physical theories allowed ño place, certainly offers. serious difti- 
ities : but its positive solution must throw great light, upon the 
E: ral course of intellectual acts. As for the association of the 
in to undefstand its high importance, though its — j 
begin Jaws have not yet peen scientifically studied. Without this 
I UM iion: the number of propensities, sentiments, or aptitudes 
E to De susceptible of any degree of multiplication. For 
would ERA investigators of human nature have been wont to 
ona, ineton E ibus 4inds of courage, under the names of civil, 
distingus Tn “though the original disposition to brave any kind of 
ilitar d must. always béuniform, but more or less directed by the . 
Eo cenit No doubt, the martyr who endures the most 
putos " Am with unshaken fortitude rather than deny his con- 
horrible ail tho^man of science who undertakes a perilous experi- 
MAR Shih calculated the chances, might fly in the field of 
ay i AU »elled fo fight for a cause in which they felt no inter- 
pe but not "m less is their kind of,courage the same as that of 
ERG soldier. Apart from inequalities of degree; there i$ no 
me a diffarünce than the superior influence of the intellectual 
" valties Without the diverse cerebral synergies, either between. 
snare great orders of faculties, or between the different functions 
of each order, it woudl be impossible to analyse the greater pro- ^ 
portion of mental actions ; and it is in the positive interpretation 
of each of them by. such association that the application of ;phreno- 
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logical doctrine will chiefly consist, when such doctrine shall have 
been scientifically erected. When the elementary analysis shall 
have been instituted, allowing us to pass on to the study of these 
compound phenomena, we may think of proceeding to the more 
delicate inquiry whether, in each, cerebral organ, a distinct part is* 
wot especially appropriate to the establishment of these synergies 
and sympathies. Some pathological observations have given rise 
to thig sespicion,—the grey substance of the brain appearing more 
inflamed in those perturbations which affect the plienomena of the 
will, and the white in those which relate to intellectual operations. 
If our existing phrenology isolates the cerebral functions too 
Unity of the MUCh, it is yet more open to reproach for separating 
brain und ner- the brain from the whole of, the nervous system. “ 
Tous system. ichat taught us that the intellectual and affective 
phenomena, all-important A8 (hey afe constitute, in the whole 
seatem of the animal economy, only an intermedinte agency balween 
(NG action OF Mis stern oca upon tl animal through sensoria) 
impressions, and the final vettligll Ol l 1G nF hy pt SEHR Ehiz 
tractions. Now, in the present state of phrenological vlissiolotty, 
no positive conception exisls with regard to thes relation of the 
series of cerebral acts to this last necessary reaction. We merely 
suspect that the spinal marrow is its immediate organ. Even if 
corebral physiology carefully comprehended the whole of the 
Tervous system, it would still, at present, soparate it foo much from 
the rest of the economy. While rightly discarding the ancient 
error about the seat of the passions being in the organs of the 
vegetative life, it has too much neglected the «rest influence to 
which the chief intellectual and moral functions are subject from 
othey physiological phenomena ; as Cabanis pointed out so emphati- 
cally, while preparing the way for the philosophical revolution 
which we owe to Gall. Chie 
We have now seen how irrational and farrow is^the way in 
which intellectual and maral physiology is conceived of and studied : 
and that till this is rectified, the science, which really appéats nou 
to have advanced a single step since its institution, cannot. make 
any true PRET. i see how it requires, above even the other 
Oe ranches of physiology, the preparation of scientific 
Tree hae habits and familiarity with the Torere departments 
ai of natural philosophy ; and how, from its vicious 


isolation, it tends to sink to the level of the most superficial and 


ill-prepared minds, which will make it the groundwotk of a gross 
and mischievous quackery, if the true scientific ingttirers do not 
take it out of their hands. No inconveriiences of this kind, how- 
ever, should, lind us to the eminent merits of a conception which 
will ever be'one of the principal grounds of distinction of the philos- 


ophy of the nineteenth century, in comparison with the one which 
Preceded it, . ^ 
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Looking back, on the completion of this survey of the positive 
study of living bodies, we see that, imperfect as it lS, Present stat 
and unsatisfactory as are the parts which relate to 9 Biology. 
life, compared with those which relate to organization,estill the 
Inost imperfect have begun to assume a scientific character, more 
or less »clearly indicated, in proportion to the complexity of the 
phenomena. 9 

We have now, surveyed the whole asten of natural philogpphy, 
from its basis in mathematical, to its termination, Retrospect of 
in biological philosophy. Notwithstanding the vast posto Vd 
interval embraced by these two extremities, we "Pv. 
have epassed through the whole by an almost insensible gradation, 
"finding nothing hypothetical in the transition, through chemistry, 
from inorganic to organic philosophy, and verifying as we proceeded 
the rigorous continuity of thé system of the natural sciences. That 
system, though comprehending all existing knowledge, is, however, 
i incomplete, leaving a wide area to the retrograde influence of 
tli tlieologieg mela plfeftl philosophy, to which it abandons a 
n DP ideny, the most iemeditily applicable of al l Phere 
ja vel WAYU lj, €! somp ete the body Of positivo Ihilosophy, anc 
Ree Ti LU enl preponeranees ps Manon i au ‘ot is 
most complex and special phenomena of all, —thoxe of huit i 
a state ST association, J shall therefore venture to propose the 
new science of Social Physics, which I have fonnd myself compelled 
10 Orenfe, "s the necessary tomplement of the system. This new 
science is rooted Jn biology, # every science 18 in the one which 
precedes il; nnd it will vender tho. body of doctrine complete and 
indivisible, enabling the human mind to proceed on positive prins 
ciples in all directions whatever, to which its activity may he in- 
cited. Imperfett qs the preceding sciences are, they have enough 
of the positive character to render this last transformation possible : 
and when Ib js effedted, the way will be open for their future 

lvansemerit, through such an organization of scientific labour as 
Must put an end to the intellectual anarchy of our present con- 
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